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ON THE MEANING OF THE CRANIAL NERVES. 
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Being the Presidential Address to the Neurological Society 
for the Year 1899. 


ELEVEN years ago, in 1888, I read a paper’ before the 
Neurological Society on the origin of vertebrates. In that 
paper I gave the conclusions to which I had come on the 
nature of the central nervous system of vertebrates. Since 
that time further and further work has only confirmed me 
in those conclusions and led me to more and more definite 
explanations of the meaning and origin not only of the 
brain but also of the cranial nerves and their distribution. 
That paper was the direct outcome of previous work on 
the peripheral nervous system, especially the sympathetic 
nervous system,’ which led me to attempt to formulate 
to my own mind the nature of a segmental nerve, and the 
comparison therefore of the cranial and spinal nerves both 
as regards theix structure and the function of their com- 
ponent fibres. I came to the conclusion that the spinal 
nerves contained the same elements as the cranial segmental 
nerves, but that these elements were grouped together 
differently ; in the former case being grouped into the two 
great divisions of dorsal and ventral or sensory and motor 


' Bram, vol. xii., p. 1. 
* Journ. of Physiol., vol. vii., p. 1, 1885. 
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roots; in the latter being divided into three rather than 
two groups, viz., dorsal, lateral and ventral. Of these three 
roots the dorsal and ventral groups corresponded to the 
spinal nerves in that they were sensory and motor respec- 
tively, while the lateral group was something different, being 
mixed in function, both sensory and motor. Further, 
having regard to the anatomical work of Charles Bell and 
the embryological work of v. Wijhe, it was clear that this 
tripartite grouping of the cranial nerves was in reality an 
expression of a bipartite grouping, not however as in the 
spinal nerves into motor and sensory, but corresponding to 
the double segmentation of the head region into splanchnic 
and somatic; I came, therefore, to the conclusion that 
the cranial segmental nerves consist of a series of segmental 
nerves the somatic elements of which are arranged like 
those of the spinal nerves into dorsal and ventral, 1.e., 
sensory and motor groups—such elements being on the one 
hand the ascending root and somatic sensory portion of 
the trigeminal nerve, on the other the nerves to the eye 
muscles and the hypoglossal nerve—while the splanchnic 
elements form well-defined single nerves which are mixed 
in function, viz., the vagus, glosso-pharyngeal, facial and 
motor part of the trigeminal nerves, together with the 
sensory splanchnic portion of the trigeminal. The question 
therefore, immediately arose, which method of grouping 
must be considered the most primitive, the spinal or the 
cranial. So much are we the slaves of fashion, so powerful 
has been in the past the influence of the theory of the origin 
of the skull from modified spinal vertebre, that almost all 
the attempts to solve the origin of the cranial nerves have 
started with the assumption that they arose from the 
modification of spinal nerves, which were built up originally 
on the same plan as the existing spinal nerves; that there- 
fore, as a logical corollary, the brain region of the central 
nervous system has arisen from the modification of a spinal 
cord type of central nervous system. 

In this Society I have little doubt what answer will be 
given to the question, where did the central nervous system 
commence? Surely the oldest part of us is that part of the 
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brain mass which was concentrated around the organs of 
special sense at the anterior end of the body. 

Throughout the whole animal kingdom as soon as a 
definite central nervous system is formed we find it in the 
shape of an oral ring of specialised nerve matter, concen- 
trated around the mouth in connection with special sense 
organs for the purpose of gaining food. Again and again 
embryology shows that the head region with its nervous 
centres is the first formed, and the body region is a subse- 
quent formation ; this is especially manifest in those animals 
which, like the vertebrate, possess an elongated segmented 
body, and we see how the subsequently formed nerve- 
centres of the elongated body are subservient to the first 
formed centres in the head. Every consideration, every 
argument as pointed out in my paper in the Journ. of Anat. 
and Physiol., vol. xxxii., p. 547, forces us to the conclusion 
that the cranial region is older than the spinal, and that 
therefore, in endeavouring to find out the meaning of the 
cranial nerves, we must not attempt to derive them from a 
pre-existing spinal type of segmental nerve, but on the 
contrary, the type from which both cranial and spinal 
nerves have arisen must have resembled the existing cranial 
type more nearly than the spinal. 

What evidence, then, have we as to the nature of the 
cranial nerves? In all attempts to read the past history of 
segmental nerves by means of the anatomical and physio- 
logical investigation of existing types, it is of paramount 
importance to consider, not only the exit from the central 
nervous system and the peripheral distribution of the 
separate nerves, but also their origin in the central nervous 
system, especially, therefore, the nuclei of origin of their 
motor nerves. In considering this question we are struck 
with two facts of marked significance ; in the first place the 
centres of origin of the motor nerves fall into two distinct 
groups, viz., a lateral group of nuclei forming the centres of 
origin of the nerves V., VII., [X., X. and XI., and a more 
dorsally situated group of nuclei from which arise the nerves 
III., IV., VI. and XII. ; in other words, the nuclei of origin 
of the motor cranial nerves separate into two well-defined 
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splanchnic and somatic groups in exact correspondence with 
their peripheral distribution. In the second place, the motor 
nuclei of the cranial nerves are much more markedly 
separated from each other than is the case with the corres- 
ponding nuclei of the spinal nerves; in the latter case the 
nerves are clearly segmental, but their centres of origin are 
not so clearly segmental; in the cranial region, however, 
the different motor nuclei are well defined and separate. 

Both these facts lead directly to the conclusion that that 
part of the brain which gives origin to the cranial segmental 
nerves was formed by the concentration and fusion of a 
number of separate segments or ganglia, each of which 
originally gave origin to nerves innervating a segment 
composed of two parts, viz., a splanchnic or branchial 
part and a somatic part. The anatomical and physiological 
evidence is overwhelming that the vertebrate central ner- 
vous system is built up of a series of segments or ganglia 
fused together. 

The next fact that is forced on the attention is the 
arrangement of these nerves along the axis of the brain. 
The brain region may be divided into two portions in ac- 
cordance with the position of the notochord—a prechordal 
and an epichordal part, and, as is well known, the epi- 
chordal region of the brain alone gives origin to these 
nerves, its anterior limit being fixed, not only by the termi- 
nation of the notochord, but also by the presence of the 
tube of the infundibulum, while posteriorly it merges into 
the spinal cord and so connects the spinal cord system with 
the cranial system. 

Further, this system itself falls into two well-marked 
regions, an anterior or pro-otic region, which gives origin 
to the trigeminal and eye-muscle nerves, a region therefore 
connected with mastication and movement of the eyes, and 
a posterior or opisthotic region, which gives origin to the 
vagus group of nerves, a region therefore connected espe- 
cially with respiration. 

Throughout the vertebrate kingdom down to the lowest 
true vertebrate such an arrangement is most constant and 
fixed. 
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It is therefore certain that the anterior limit of this epi- 
chordal part of the brain, which gives origin to these seg- 
mental cranial nerves, is invariably fixed by the presence of 
a prolongation of the central tube of the nervous system, 
which extends right to the ventral surface and is known by 
the name of the tube of the infundibulum. On each side of 
this tube lie the crura cerebri which connect the prechordal 
portion of the brain with the epichordal, and we know that 
from this prechordal part of the brain nerves also are given 
off, but they are of a special kind, differing from the epi- 
chordal nerves in that they are nerves of special sense—the 
olfactory and the optic. 

In other words, our search for the meaning of the cranial 
nerves pictures to us an animal with a specially developed 
anterior or supra-infundibular brain mass, the cerebrum 
proper, which gives origin only to olfactory and optic 
nerves, connected by two massive infundibular commis- 
sures, the crura cerebri, with an infra-infundibular brain 
mass, which gives origin to a series of segmental cranial 
nerves, whose members fall naturally into an anterior group 
connected with mastication and a posterior group connected 
with respiration. 

These facts, about which there can be no dispute, point 
directly to the conclusion that the type of nervous system 
which gave origin to the vertebrate brain is identical with 
the type of nervous system in the great appendiculate group 
of invertebrates, z.e., to the type of nervous system in the 
highest invertebrate group; for there, too, we see that a 
specially developed most anterior part of the central nervous 
system or supra-cesophageal brain mass—the cerebrum 
proper—which gives origin only to olfactory and optic nerves, 
is connected by the two cesophageal commissures with an 
infra-cesophageal brain mass, formed in the higher inverte- 
brate groups by the fusion of the separate ganglia, which 
gives origin to a series of segmental nerves whose members 
fall naturally into an anterior group connected with masti- 
cation and a posterior group connected with respiration. 

The only difference between these two types of brain is 
that the tube around which the whole brain mass is grouped 
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is called in the one case the infundibular tube, in the other 
the cesophagus. 

The natural and rational conclusion from such a striking 
coincidence is that the tube of the infundibulum represents 
all that remains of the original cesophagus, and that there- 
fore the vertebrate, together with its poor relation the 
tumicate, fall into line with the rest of the animal kingdom, 
in that its central nervous system was formed originally by 
the modification of an oral nerve ring. 

But the cavity of the tube of the infundibulum is 
continuous with the cavity of the third ventricle and, there- 
* fore, with the central canal of the nervous system, and its 
epithelial lining is continuous with the epithelial lining of 
the tube of the central nervous system. There is no 
discontinuity, no sign whatever of the presence of the 
remnants of any cesophageal tube separate from the central 
tube itself; no evidence, in fact, that it is possible to look 
upon the infundibulum as the remnant of the cesophageal 
tube, as Dohrn and others have done, which passed between 
the crura cerebri and terminated in a mouth which was 
situated on the present dorsal surface of the animal; the 
dorsal surface of the vertebrate on this view having been 
originally the ventral surface of the invertebrate. On 
the contrary the evidence of continuity is so conclusive 
that it becomes a logical certainty that if the tube of 
the infundibulum was the original cesophagus, then the 
ventricles of the brain must have been the original cephalic 
stomach into which the cesophagus opened and the canal 
of the spinal cord with its termination in the anus by means 
of the neurenteric canal, the straight intestine which led 
direct from the cephalic stomach to the anus in the 
invertebrate. . 

The search then for the meaning of the cranial nerves 
has led me by the strong logic of incontrovertible facts to the 
conclusion that the central nervous system of the vertebrate 
is composed of two parts, a part which is nervous and is 
arranged segmentally, and a part which is non-nervous, is 
composed of an epithelial tube on the outside of which the 
nervous material has been grouped, and, owing to its being 
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the remnant of the alimentary canal of the invertebrate, is 
not composed of segments. . 
This, then, is my working hypothesis, and the value of 
it depends essentially upon its power to explain or to 
elucidate the whole mass of problems connected with the 
origin of vertebrates. Its very essence is that it explains 
that most striking and otherwise unaccountable tubular 
nature of the vertebrate central nervous system, and this 
explanation is of such a character as to afford a test of its 
accuracy by the consideration of the phylogenetic develop- 
ment of the central nervous system in the vertebrate phylum 


alone, without making any guesses as to the nature of the ° 


passage from the invertebrate to the vertebrate ; for it is 
clear that, if the brain region of man has arisen from the 
lowest fishes by the gradual increase of nervous material 
around an epithelial tube, then, as we pass lower and lower 
in the vertebrate phylum, we must find clearer and clearer 
evidence of the separate existence of that epithelial tube; 
while, on the other hand, if the tube of the nervous system 
was originally a nerve tube proper and not composed of 
two parts, as various embryologists assert, then the lower 
we go down, the more clearly ought the nervous character 
of that tube to come out and the less ought it to show a 
non-nervous, purely epithelial structure. 

The evidence of comparative anatomy is absolutely con- 
clusive on this point. Think of the growth of the cerebral 
hemispheres over the epithelial pallium of the fish as we 
pass upwards by way of the amphibians and reptiles to the 
higher mammalia; see how the cerebellum from its small 
beginnings in Ammoceetes forms first the worm and then by 
further invasion of the epithelial roof the cerebellar hemi- 
spheres ;' think of the brain of Protopterus, of Lepidosiren 
and of Ammoceetes (fig. 2) with the whole of its dorsal roof 
in the epichordal portion composed of fold upon fold of 
membranous epithelium except just where the fourth nerve 
with the commencing cerebellum crosses over. Compare 
the pictures (fig. 1) of the brain of the different classes, 
finally culminating in the brain of Ammoceetes. 

' Journ. of Physiol., vol. x., p. 194. 
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MAMMALIA. REPTILIA. AMPHIBIA. 


TELEOSTEA AMMOCCETES. 


Fig. 1. 
Comparison of vertebrate brain from Mammalia to Ammoceetes. Epithelial 
parts represented by dotted lines; the last figure represents the brain of 
Ammoceetes with the epithelial folds unfolded. 
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Is it possible for the evidence to be stronger that the 
nearer we get to the origin of vertebrates the more clearly 
does the separation of the nervous matter from the epithe- 
lial tube become apparent; other evidence to the same 
effect is at hand. Let me recall to your memory the forma- 
tion of the rhomboidal sinus! in the lumbo-sacral region of 
the spinal cord in birds, the continuation of the canal into 
the regenerating tail of the lizard,’ the pathological evidence 
of cystic malformations, all pointing to the conclusion that 
the central canal is of a non-nervous nature. 

In absolute accordance with the evidence of the gradual 
separation of this epithelial tube from the surrounding nerve 
masses, as we descend the vertebrate phylum, is the evidence 
of the simplification of the nerve masses themselves, so that 
at last when we reach the Ammoceetes we find, as is seen in 
fig. 2, that the whole cerebrum is practically reduced to the 
basal ganglia, the corpus striatum, and optic thalamus, with 
the olfactory and optic nerves; reduced, in fact, to a supra- 
infundibular brain mass, which is directly and closely 
comparable with the supra-cesophageal brain mass of the 
higher arthropods. As the crowning fact of this evidence, 
a fact which is almost proof positive of the truth of my 
hypothesis, we find, in precisely the place where they ought 
to be, two median eyes, one of which is much better 
developed than the other ; eyes which in the higher verte- 
brates have degenerated into the so-called pineal gland, but, 
as ought to be the case, show most clearly their inverte- 
brate ancestry in that lowest of vertebrates—Ammoccetes— 
in which animal the structure of the right pineal eye clearly 
resembles one type of arthropod eye.’ From the time when 
I first stated to this Society* the arthropod nature of the 
pineal eye up to the present time, no better explanation has 
been offered; the facts which I put forward have not been 
disputed, but only ignored; and Leydig® has come to the 

' Journ. of Physiol., vol. x., p. 197. 

* Brindley, Journ. of Bombay Nat. Hist. Soc., vol. ix., p. 1, 1894. 

’ Gaskell, Quart. Journ. of Micr. Sci., 1890, fig. 20 a—d, plate XX VII. and 
plate XXVIII. 


* Bratn, Op. cit., p. 14. 
5 Leydig, “‘ Das parietal organ der Amphibien u. Reptilien.” Abhand. d. 


Senckenberg. Naturforsch. Gesellschaft, 1890, p. 538. 
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same conclusion as myself as to the arthropod character of 
this eye. If you picture to yourselves the supra-cesophageal 
ganglia of one of the higher arthropods your picture would 
take the exact form of the supra-infundibular brain of the 
Ammoceetes. 

Equally striking is the physiological evidence, the func- 
tions of the supra-cesophageal ganglia correspond closely 
with® those of the supra-infundibular, and the foremost 


7-GHR 





Fic. 2 


Dorsal and lateral view of the brain of Ammoceetes. C ER, cerebral 
hemispheres; GH R, right ganglion trabecula; PN, right pineal eye; 
C H,, C H,, so-called choroid plexuses; INF, region of infundibulum. 
I.—XITI., cranial nerves. 


group of infra-cesophageal ganglia with their masticat- 
ing’and special co-ordinating mechanisms correspond with 
the trigeminal region of the infra-infundibular part of the 
brain from which the co-ordinating machinery of the 
cerebellum and posterior corpora quadrigemina has sprung ; 
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while the hindermost group with their respiratory centre 
and nerves to the respiratory appendages correspond with 
the vagus region of the brain.’ 

Just as the study of the comparative anatomy of the 
vertebrate brain has led us gradually down to a brain mass 
like that of Ammoccetes directly comparable with that of 
an arthropod, so the study of the comparative anatomy of 
the arthropod brain points directly to the way in which 
such a brain as Ammoccetes was probably formed from the 
original annelid type. In all arthropods the foremost infra- 
cesophageal ganglia are concerned with the innervation of 
mouth appendages—these ganglia we may call prosomatic— 
between these and the abdominal ganglia we find a set of 
ganglia usually concerned with the respiratory appendages 
which may be called mesosomatic, then comes the most 
posterior group which may be called metasomatic. A series 
of diagrams to represent the arrangement of these pro- 
somatic and mesosomatic ganglia in different arthropods, 
Branchipus, Astacus, Limulus, Scorpio, Androctonus, Thely- 
phonus, as given in fig 3, show how by a steadily progressing 
concentration and cephalisation, first the prosomatic ganglia 
(A) are fused into a compact infra-cesophageal brain mass, 
and then in the scorpion tribe more and more of the meso- 
somatic ganglia (B) become fused into this mass, until at last 
in the Pedipalpi such as Thelyphonus all the mesosomatic 
ganglia have fused to form a large brain mass and now the 
infra-cesophageal portion of the brain is directly comparable 
with the infra-infundibular portion of the Ammoceetes brain. 
Here then the facts of the comparative anatomy of the 
invertebrate central nervous system show how easy it is to 
pass by slow gradation from the simplest central nervous 
system of the lowest annelid direct to a brain like that of 
Ammoceetes, just as the facts of the comparative anatomy 
of the vertebrate nervous system have shown how easy it 
is to pass by slow gradation from the highest brain of man 
to the brain of the same Ammoceetes. 

Such a study of comparative anatomy points to a con- 


' For a fuller statement of the physiological evidence, cf. Journ. of Anat 
and Physiol., vol. xxxii., pp. 532-537. 
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ANDROCTONUS == THELYPHONUS 


AMMOCCETES —-— 
Fig. 3. 


Comparison of invertebrate brain from Branchipus and Ammocestes. 
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clusion of great significance and immense importance for 
the whole theory of evolution, viz., that upward progress 
means increase of growth of nervous material, means con- 
centration of nervous material, means cephalisation of 
nervous material. It is the brain which constitutes the 
evolutional power of the animal, it is the growth of the 
foremost part of the central nervous system, the concen- 
tration and cephalisation of the lower ganglia, so as to 
become part and parcel of the foremost mass which makes 
the brain. ’ 

That is the banner under which I fight, viz., that one 
organ or another may become rudimentary, may disappear 
or play a subordinate part, but throughout all the changes 
in the animal kingdom, no upward progress is possible 
which is accompanied with the degeneration or loss of the 
brain. 

In our search then for the meaning of the cranial nerves, 
we are led in the first place to the direct conclusion that 
the prootic or trigeminal region of the brain was originally 
the prosomatic region of the brain, that therefore, the 
trigeminal group of nerves correspond to the prosomatic 
group, and that the opisthotic or vagus region of the brain 
was originally the mesosomatic region, so that the vagus 
group of nerves correspond to the mesosomatic group. 

In the second place, we come face to face with a possible 
reason why the old alimentary canal ceased to function and 
the formation of a new alimentary canal became an absolute 
necessity, for it is clear, if upward progress is possible 
only by the growth and concentration of the brain nervous 
matter, that the scheme of piercing the brain with the 
cesophagus, which was a necessary corollary of a central 
nervous system formed as an oral ring, must of necessity 
sooner or later lead to a deadlock, in which alimentation 
and further cephalisation would be antagonistic to each 
other. 

In the diagrams (fig. 3) you see how the lumen of the 
cesophagus becomes encroached upon with the increasing 
growth and concentration of the brain, until at last in the 
Scorpions, Pedipalpi and spiders, the sole means of liveli- 
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hood possible is by suction of blood, and as fig. 4 shows, 
the alimentary canal has become a mere central canal sur- 
rounded on all sides by the massive combined infra- and 
supra-cesophageal brain mass. Whether the growth of the 
brain is the cause of the diminution in lumen of the food 
channel and the consequent blood-sucking habits of the 
group, as to my mind is probable, or whether the blood- 
sucking habit has led to a diminution in size of lumen and 
the brain mass has then filled up the vacant space, the 
result in either case*is to produce a group of animals in 





Fic. 4. 


Transverse section through the brain of a young Thelyphonus. 4A, supra- 
cesophageal ganglia; B, infra-cesophageal ganglia ; Al, cesophagus. 


which the formation of a brain mass closely similar to that 
of Ammocecetes is correlated with an cesophagus of exceed- 
ingly small calibre ; an cesophageal tube which is so nearly 
closed that its conversion into the infundibular tube makes 
no demand upon our credulity, but follows as a natural 
step, if the process of alimentation is otherwise provided 
for. 

Here we come face to face with the great difficulty of 
this hypothesis of mine, which accounts most satisfactorily 
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for the origin of the vertebrate central nervous system but 
necessitates the formation of a new food channel ; how can 
we conceive that the new alimentary canal was formed ? 

I want you to dismiss from your minds all pre-conceived 
opinions and to follow out without prejudice the same line 
of argument as I have used hitherto, first of all bringing 
together the facts of anatomy and physiology, and then 
when they are arranged in line, forming your own opinion 
as to the conclusion to be derived from these facts. We 
have already seen that the epichordal portion of the verte- 
brate brain, divisible as it is into a trigeminal part and a 
vagus part, corresponds on our hypothesis with the pro- 
somatic and mesosomatic portions of the brain of such 
animals as Limulus, Thelyphonus, &c., therefore it follows 
that the parts supplied by the vagus group of nerves ought 
to be the direct descendants of the parts supplied by the 
mesosomatic nerves, and the parts supplied by the trigeminal 
group of nerves ought to be the direct descendants of the 
parts supplied by the prosomatic nerves, and the closer the 
correspondence, both anatomically and structurally, the 
more likely is the theory to be true, the more clear shall 
we become as to the manner of formation of the anterior 
portion of the vertebrate alimentary canal. 

The first problem to be decided is the following :— 

The great characteristic of the cranial segmental nerves, 
as already mentioned, is that they fall into two sets for the 
supply of a series of splanchnic and somatic segments 
respectively, and that the splanchnic segments which in 
the opisthotic or vagus group are always branchial, are 
supplied by a series of separate nerves, mixed in function, 
which arise as well-defined lateral nerves separately from 
the dorsal sensory and ventral somatic nerves. Conse- 
quently it follows that if the invertebrate motor nervous 
system which gave origin to this type was of the nature 
of an arthropod nervous system, we ought to find in the 
arthropod first, that a double segmentation of the body 
exists which has impressed itself on the central nervous 
system, and secondly, that the nerves of each segment arise 
as three roots, of which the middle or lateral one is mixed 
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in function, and supplies only the segments which carry the 
branchiz or are serially homologous with these. 

Now the observations of Hardy’ have shown that the 
groups of nerve cells which form the separate ganglia of the 
central nervous system of Astacus, Branchipus, &c., are 
connected essentially with the segmentation of the append- 
ages, and that the segments of the body are associated with 
quite distinct groups of central cells which are more diffuse 
and not confined to the separate ganglia, but spread along 
the connectives between the ganglia. In other words, 
there is a double segmentation here which has made its 
mark on the central nervous system, similarly to the double 
segmentation of the cranial region in vertebrates, and the 
two segmentations would agree if what I have called the 
splanchnic segments in the vertebrate had arisen from the 
segmental appendages of the invertebrate. 

Further, we know from the work of Leydig and others 
that the segmental nerves of none of the invertebrata arise 
like the spinal nerves of the vertebrates from two roots 
which are respectively motor and sensory, but we do find 
that they do arise in many cases in a tripartite manner 
remarkably similar to the arrangement of the cranial verte- 
brate nerves. 

Thus Milne Edwards? has given us a careful description 
of the prosomatic and mesosomatic nerves of Limulus, from 
which it is seen that the principal nerve of each segment is 
the large nerve which runs to the appendage of that segment 
and supplies nothing else except that appendage ; this nerve 
supplies the appendage with all its fibres both motor and 
sensory. In addition to this appendage nerve two other 
nerves arise from each of the ganglia, of which the one, the 
more dorsal one, is purely somatic sensory, supplying only 
its own area of the prosomatic and mesosomatic carapaces 
respectively (these nerves are called by Milne Edwards the 
epimeral nerves) ; while the other is a small nerve which 
supplies with motor fibres muscles, as Milne Edwards puts 
it, not connected with the appendages, and may perhaps 


' Hardy, Phil. Trans., 1894, B., p. 83. 
2 “ Recherches sur l’Anatomie des Limulus.” Ann. des Sc. Nat., 5th Ser. 
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‘contain sensory fibres for the mid-ventral surface; a nerve 
root therefore which may be called somatic motor, with the 
possibility that it contains also some sensory fibres. 

Such an arrangement clearly corresponds to the arrange- 
ment of the cranial nerves of the vertebrates if the 
splanchnic segmentation was derived from the segmenta- 
tion of the prosomatic and mesosomatic appendages, and 
the somatic segmentation was derived from the segmenta- 
tion of the prosoma and mesosoma themselves. In other 
words the peculiarities of the cranial segmental nerves 
would receive an explanation in perfect harmony with my 
theory, if the structures innervated by the vagus, glosso- 
pharyngeal and facial nerves were derivable from modified 
mesosomatic appendages, and those innervated by the motor 
part of the trigeminal and its splanchnic sensory fibres were 
comparable with the modified prosomatic appendages; the 
somatic sensory part of the trigeminal with its ascending 
root would represent the epimeral nerves of the prosomatic 
and mesosomatic carapaces and the eye muscles all that 
remains of the somatic muscles of the prosoma and 
mesosoma. Conversely, if the tripartite arrangement of the 
cranial segmental nerves is due to the survival of the 
prosomatic and mesosomatic appendages in a modified form, 
then it follows that such an arrangement would give place 
to the dual system of the spinal cord by the simple dropping 
out of the appendage nerve ; in other words if, as according 
to my view was the case, the system of appendages fashioned 
like those of the arthropod was given up when the animal 
became a vertebrate, then, by the dropping out of the lateral 
mixed nerves, the nerves would be arranged as in the spinal 
nerves of the present day; thus we can see how from the 
older type of the cranial segmental nerves the type of the 
spinal segmental nerves might naturally arise. 


Vacus NERVE GROUP. 


The lowest vertebrate which possesses all the cranial 
nerves, and therefore allows of a direct comparison with the 
cranial nerves of the higher vertebrates, is the larval or 

VOL. XXII. 23 
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Ammoceetes form of the lamprey. The study of Am- 
moccetes, as pointed out in my papers in the Journal of 
Anatomy and Physiology (vols. xxxii. and xxxiii.), leads to 
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Head region of Ammoceetes, split longitudinally (ventral half). 


the conclusion that the mesosomatic respiratory appendages 
of the scorpion-like ancestor still exist as the branchie- 
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bearing diaphragms of the Ammoccetes. As is seen in figs. 
5 and 6, there are six complete pairs of diaphragms which 
bear branchiew on both the anterior and posterior surfaces 
forming thus the sides of the respiratory chamber. This 
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Fic. 6. 
Head region of Ammoccetes, split longitudinally (dorsal half). 


chamber is completed by the last pair of diaphragms which 
bear branchie only on one side and headwards by a pair 
of diaphragms which carry branchie only on one side, but 
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bear as well the two ciliated grooves (Dohrn’s pseudo- 
branchial grooves) which terminate ventrally in the thyroid 
gland. Each of the last six of these branchiew-bearing 
diaphragms is supplied by a separate part of the vagus 





Fic. 7. 

Section through branchial] appendage of Ammoceetes. br. cart., branchial 
cartilage ; v. br., branchial vein; a. br., branchial artery ; b. s., blood spaces ; 
p, pigment; S, sense organ; c, ciliated band; ZH, J, external and internal 
borders; m. add., adductor muscle; m. c. s., striated constrictor muscle ; 
m. c. t., tubular constrictor muscle ; m. and m. v., muscles of valve. 


nerve and just like the mesosomatic branchial appendages 
of Limulus such nerve supplies only this branchial append- 
age; similarly the glosso-pharyngeal is the nerve of the 
second branchial appendage. In fig. 7 I gave a section 
through one of these branchial appendages, in order to 
make it quite clear to you what in my opinion is the 
branchial unit in this primitive vertebrate. Further also, 


ce 
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as I have pointed out,' the structure of the branchial lamella 
in Ammocecetes and Scorpio is closely similar and more 
striking still, the branchial cartilaginous bars so character- 
istic of the vertebrate branchial segments have their exact 
counterparts, both structurally and topographically, in the 
cartilaginous bars of the branchial appendages of Limulus. 

It is worthy of note here that the arrangement of the 
branchial chamber of Ammoccetes shows clearly that the 
vagus nerve is not a single nerve, but is formed by the 
fusion of six nerves, each of which supplies a branchial 
segment; in consequence however of the concentration 
which has taken place in the formation of the medulla 
oblongata the separate centres of origin of these six 
mesosomatic nerves have become fused together into one 
long centre, the vagus nucleus, so that the number of 
segments represented by the vagus is not estimated by the 
number of separate cell groups in the central nervous 
system so much as by its peripheral distribution and by its 
epibranchial ganglia ; a fact which it is important to bear 
in mind when considering the meaning of the oculomotor 
and trigeminal nerves. 

In our search for the meaning of the cranial nerves we 
come then to the conclusion that the vagus and glosso- 
pharyngeal nerves originated as the nerves to a series of 
mesosomatic branchial appendages similar to the branchial 
appendages of the scorpion group of animals, which them- 
selves had been derived from a series of free moving 
branchial appendages similar to those of Limulus. In the 
accompanying three figures (fig. 8, fig..9 and fig. 10,) I have 
represented diagrammatically the appendages and their 
nerves in the three types of animals, viz., in Limulus, in 
Eurypterus and in Ammoccetes, and in order to clearly 
indicate corresponding parts I have lettered the appendage 
nerves of Limulus and Eurypterus in terms of the nerves 
of Ammocoetes and conversely have divided the head 
region of Ammocecetes into two parts which I have called 
prosoma and mesosoma, in conformity with those divisions 
in Limulus and Eurypterus. 

' Journal of Physiol. and Anat., Op. cit., Parts L., IL., III. 
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Entapophysial cartilaginous ligaments 
Fic. 8. 
Limulus: nerves of appendages and cartilages. 
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Ammoceetes: nerves of visceral segments and cartilages, 


In all three figures V,-V,=Prosomatic appendages and nerves; VII=1st 
mesosomatic appendage or opercular appendage and nerves; IX, X,.. .= 
remaining mesosomatic appendages and nerves; M=chilaria in Limulus, 
metastoma in Eurypterus, corresponds to lower lip in Ammoceetes. 


FaciaLt NERVE. 


The next cranial nerve which belongs to this series of 
presumed appendage nerves is the facial nerve, a nerve 
which supplies the foremost of the branchial segments in 
vertebrates, and ought, therefore, to have been derived from 
the nerve of the foremost mesosomatic appendage. Now we 
see that in Limulus, in the Scorpions, in the Pedipalpi, the 
foremost mesosomatic appendage is known as the operculum, 
and differs markedly from the rest of the mesosomatic append- 
ages ; it consists in all cases of a pair of appendages fused 
together in the middle line, and in Limulus and the Scor- 
pions it does not carry branchie but bears the terminations 
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of the genital organs. In, however, the group of the Pedi- 
palpi, Thelyphonus, Phrynus, &c., the operculum consists 
of a median portion which carries the terminal genital 
organs and a lateral posterior portion on each side which 
carries the branchie, as is seen in figs. 12 and 13. The 
operculum in these cases is, in fact, composed of the fusion 
of two pairs of segments, a paired branchial segment com- 
parable to the other branchial segments, and a paired genital 
segment fused in the middle line, comparable to the oper- 
culum of the other forms. 

The difference between the operculum of the scorpion 
group and of the Pedipalpi is shown in the figures 11, 12, 13, 
in all of which the limits of the operculum are indicated by 
dots. The corresponding segment in Ammocecetes, the facial 
segment, is shown diagrammatically in fig. 14, and also 
marked by dots; cross lines are drawn on the figure con- 
necting the gill openings of each side so as to mark out the 
corresponding glosso-pharyngeal and vagus segments. The 
thyroid gland has been drawn as though it were two separate 
parts in order to indicate its bilateral character, in reality 
its appearance is as in fig. 15. 

Apparently in the old extinct sea scorpions, Eurypterus, 
Pterygotus, Slimonium, &c., the operculum resembled that 
of the Pedipalpi rather than that of the Scorpion group, and 
in these forms the median genital part was frequently pro- 
longed into a ventral tongue which extended over the first 
two or three branchial segments, as is shown in fig. 9, in 
which the limits of the operculum are marked out by dots. 

What did this median tongue in all probability carry? 
An answer to this question can be suggested only by finding 
out what is carried by the median portion of the operculum 
in the Pedipalpi or the whole operculum in the scorpions. 
These animals are without exception viviparous, and we find 
that in both sexes the paired genital organs terminate in 
a single chamber which has been called in the scorpion the 
vagina, and in Thelyphonus the uterus. This uterine 
chamber, as we may call it, is formed by the coming to- 
gether and fusion of the genital ducts which were originally, 
as in Limulus, separate, and discharged by two separate 
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Fic. 14.—Ammoceetes. 
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openings. In the scorpions it opens directly to the exterior 
by an external orifice, but in Thelyphonus, according to 
Tarnani,' it does not open externally, but internally, by a 
large internal orifice into a chamber which he calls the 
genital chamber. This chamber is continuous with the pul- 
monary or branchial chamber on each side, so that the two 
opercular lung books or branchize are dependent into a 
common respiratory chamber into which also the products 
of the generative organs are discharged. Anteriorly the 
uterine chamber terminates in two horns which receive the 
genital ducts on each side. 

An arrangement similar to this description of Tarnani 
existed in all probability in Eurypterus, so that we may 
imagine that the long median ventral flange of the oper- 
culum covered over an elongated uterine chamber. 

If, then, as the whole argument seems to show, the 
ancestor from which such a vertebrate as Ammoccetes arose 
possessed many of the characteristics of these old extinct 
sea scorpions, it follows that the foremost pair of meso- 
somatic nerves, or facial nerves as they are called in Ammo- 
coetes, ought to be found to innervate, not only the foremost 
of the paired branchie, but also an elongated median struc- 
ture which might extend in the median ventral line at least 
as far as the second or third branchial segments, and might 
open into the branchial chamber and so indirectly to the 
exterior. This median structure ought to be composed of 
a long median chamber, in which we might expect to find 
evidence of its original formation from two tubes, terminat- 
ing anteriorly in two horns, and possessing the structure of 
the scorpion uterus. 

It is almost too startling to find that the segment which 
the facial nerve supplies in Ammoccetes is double, the 
posterior or hyoid part being, like the glosso-pharyngeal and 
vagus segments, branchie-bearing, while the anterior and 
median or thyroid part, which latter forms a median ventral 
flange similar to that of Eurypterus, is not branchial in 
function, but carries that unique organ, the so-called thyroid 


' Tarnani. ‘“ Die genital organe der Thelyphonus.” Biol. Centralbl., vol. 
ix., p. 376, 1889. 
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gland, and the two ciliated or pseudo-branchial grooves 
leading into it. Still more startling is it to find that this 
so-called thyroid gland is in reality an elongated chamber 
which opens by a large orifice (Th. 0) into the same res- 
piratory or pharyngeal chamber as the branchie project 
into. In fig. 15 I give a drawing of the thyroid of Ammo- 
coetes. This large central chamber (C) of the thyroid which 





Fic. 16. 


Figs. 15 and 16: thyroid gland of Ammoceetes. C, central chamber, 
which divides anterior to the thyroid orifice (Th. 0) into two parts, A, A‘, con- 
tinuous with the folded down horns, B and B’; Ps br, Ps br’, the two ciliated 
grooves, called by Dohrn pseudo-branchial grooves. In fig. 16 the curled 
portion of the central chamber is drawn uncurled and the two lateral horns, 
B, B’, into which the ciliated grooves pass are slightly separated from the 
central chamber, 


is clearly composed of the fusion of two similar tubes, ter- 
minates anteriorly into two separate tubes or horns (B) 
which are folded down against the sides of the central tube 
and receive the terminations of the two ciliated or pseudo- 
branchial grooves (Ps br.). If the curled portion of the 
thyroid be uncurled and the side tubes (B) separated slightly 
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from the central tube (C), then the appearance of the thyroid 
of Ammoceetes would be given by fig. 16, a figure which 
might well be a diagrammatic representation of the terminal 
genital or uterine chamber of a form like Eurypterus. 

Finally, to complete the resemblance, the extraordinary 
character and arrangement of the ceils forming the glandular 
tissue of this thyroid are found in the walls of the uterine 
chamber of the scorpion, as is seen in fig. 17, which repre- 
sents a section through the uterus of the scorpion, and 
through the central chamber of the thyroid of Ammoccetes 
respectively. 


AMMOCCETES. SCORPION. 





Muco-cartilage Operculum 
Granchial cartilage 


Fic. 17. 


Section of central chamber of thyroid of Ammoccetes and section of 
uterus of Scorpion. 


Lastly, this remarkable and unique thyroid of Ammoceetes, 
together with the whole of the thyroid segment, disappears 
at transformation, showing by its existence only in the 
larval stage that it is a relic of the past history of the race 
and not an organ of progressive development. 

In absolute harmony, then, with the origin of the central 
nervous system, is the meaning of the nerves of the medulla 
oblongata. Just as the medulla itself was formed according 
to the theory from the concentration of the mesosomatic 
ganglia, so we see that the distribution of its nerves 
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harmonises with that of the nerves of the mesosomatic 
appendages, the foremost of which was an operculum after 
the fashion of that of Eurypterus, and was supplied by the 
seventh nerve. 

The evidence of Ammoccetes is conclusive that the 
seventh nerve belongs to the branchial system, 7.e., to the 
group of the vagus nerve and not to the trigeminal group. 


TRIGEMINAL NERVE GROUP. 


Turn now to the trigeminal nerve group, the group of 
nerves which according to my theory arose from the con- 
centrated prosomatic ganglia, and ought therefore to have 
supplied prosomatic appendages, 7.e., appendages which did 
not bear branchiz, but were used for tactile, prehensile and 
masticatory purposes. Such appendages, owing to their 
being serially homologous with the branchial appendages, 
and therefore supplied with serially homologous nerves, 
afford the reason why so many observers persist in endea- 
vouring to find in this region primitive branchial segments. 

Let us first consider the nature and number of these 
prosomatic appendages in the invertebrate. Throughout 
the arthropoda these foremost or prosomatic appendages 
form a well-defined group, the numbers of which are 
remarkably constant ; thus we find in Astacus that imme- 
diately posterior to the two pairs of antenne there are six 
pairs of prosomatic appendages, viz., the mandible, two 
pairs of maxille and three pairs of maxillipeds, or if the 
second pair of antenne be included, seven pairs. In Limulus 
there are five pairs of locomotor masticatory prosomatic 
appendages or foot-jaws immediately posterior to the 
chelicere and a small abortive pair, the so-called chilaria, 
which Kishinouye' from embryological studies reckons as 
a pair of true appendages; thus making six pairs of 
prosomatic appendages posterior to the chelicere, and if 
the chelicere be included, seven pairs. 

In the scorpion, like Limulus, there are five pairs of 
locomotor prosomatic appendages posterior to the chelicere ; 


' Journ, of Coll. of Sci., Tokio, vol. v., p. 72, 1891. 
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according to Brauer’ there is evidence in scorpions that 
another pair of appendages originally existed corresponding 
to the chilaria of Limulus, and Bruce? has described a form 
of Phrynus from the Bahamas, in which he states that 
something of the nature of chilaria is present. 

Undoubtedly in the extinct sea scorpions the chilaria 
were present in the form of a lower lip or metastoma, which 
was formed by the fusion and forward growth of the two 
chilaria, so that in this group a distinct prosomatic 
chamber was formed which contained five, or including the 
chelicer, six prosomatic appendages. Further, the evidence 
of paleontologists is to the effect that these prosomatic 
appendages, which in Limulus were powerfully built for the 
purpose of tearing and masticating food, had dwindled more 
and more in the various sea scorpions, until as in Eurypterus 
they were represented by mere tactile appendages (fig. 9), 
which were all capable of retraction into the chamber 
formed by the metastoma and the hood, with the exception 
of the last pair which had become a locomotor swimming 
apparatus. 

A still further continuation of the same process would 
lead to an animal which possessed only reduced tactile pro- 
somatic appendages situated within an oral chamber formed 
by the forward growth of the metastoma or lower lip. 

In fact, it is easy to conceive a condition of affairs 
arising closely resembling or even identical with what is 
found in Ammoccetes. Here we find, what is not found 
in other vertebrates, a large oral chamber, which contains 
a series of tactile organs, the tentacles. This chamber is 
formed by the forward growth of the lower lip, and was 
originally completely separated off from the respiratory 
chamber by a septum, part of which forms the so-called 
velum. 

Such chamber is usually spoken of as the stomodzal 
invagination, and the septum is called the septum of the 
stomodeum. Judging from the description given by Dohrn 
and by Kupffer, this chamber is formed by the forward 


' Zeitsch. f. Wissensch. Zool., 1895, vol. lix. 
* Bruce, Johns Hopkins Univ. Circular, Dec., 1886, p. 47. 
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growth of the lower lip (as is shown in B, fig. 18), and 
not by any process of invagination. In this chamber are 
formed the tentacles, of which five on each side are 
especially conspicuous in the early stages, the median 
ventral one being formed by the fusion of a right and left 
pair. In addition to the tentacles we find also a large 
paired organ, the so-called velum, which contains blood, 
and fills up a large portion of the oral chamber; the 
muscles of the velum are of the tubular type and contract 
synchronously with the tubular respiratory muscles. 

Strange indeed is the appearance of this primitive 
vertebrate in this region; stranger still to find that at 
transformation these tentacles and velar appendages dis- 
appear and give place to the remarkable suctorial apparatus 
of the adult form. Such a conversion of the appendages 
round the mouth into a suctorial apparatus is a common 
trick amongst arthropods. In accordance with all that has 
been urged before as to the meaning of the transformation 
I look upon these larval appendages as giving a clue to the 
past history of the animal, and therefore to the origin of 
the great trigeminal nerve of the vertebrate; for it is a 
significant fact that the muscles which the trigeminal nerve 
supplies in this animal are the muscles of the lower lip, the 
muscles of the two vela, the muscles of the tentacles and 
the muscles of the upper lip; the other muscles of this 
region, the longitudinal somatic muscles, which extend 
forwards nearly up to the nasal orifice, are supplied by 
spinal nerves, and the eye muscles by the third, fourth and 
sixth nerves. 

I would suggest, then, that the motor part of the 
trigeminal is the representative not of a single nerve belong- 
ing to a single splanchnic segment, but of the fusion of a 
series of nerves belonging to six or seven segments which 
were originally represented by the six or seven prosomatic 
appendages, viz., the five prosomatic locomotor appendages, 
the metastoma or lower lip and the chelicere, just as 
undoubtedly the somatic sensory part of the trigeminal 
belongs not to one segment but to a number of somatic 


segments. 
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Apart from the presence of tentacles and velum, the 
distribution and extent of the nucleus of the motor part 
of the fifth nerve is to my mind significant from this point 
of view; for it appears from the observation of Kolliker, 
Gehuchten' in the trout, Mayser® in Teleosteans, Lugaro * 
and Obersteiner,* well established at the present time, that 
the descending root of the fifth with its vesicular cells 
belongs to the motor part, so that the motor nucleus of the 
fifth extends from the very commencement of the segmental 
cranial nerves in the region of the beginning of the third 
nucleus down to the termination of the origin of the fifth 
in the region of the pons. In other words, just as ought 
to be the case, the motor nucleus of the fifth extends 
throughout the whole prosomatic region of the brain, 
though as might also be expected the foremost part of it 
has thinned down to the dimensions of the descending root. 
Examination of the arrangement of these cells on the 
descending root shows signs of grouping in places, as 
described by Mayser, but such grouping is not definite 
enough to enable us to come to any conclusion as to the 
number of segments represented in this descending group. 
It is also a most interesting fact to find that the most 
anterior of the cells of this root nearly meet in the middle 
line dorsal to the aqueduct of Sylvius, close to the posterior 
commissure ; so that actually cells which give origin to part 
of an outgoing efferent nerve are situated on the dorsal side 
of the central tube. Such a situation of the foremost cells 
of the motor trigeminal nucleus is of special interest in 
connection with the statement of Brauer’ that the foremost 
prosomatic ganglia in the Scorpion travel in the embryo 
from the ventral to the dorsal side of the tube of the 
alimentary canal. 

The motor part of the trigeminal nerve in Ammoccetes 
may almost be spoken of as arising from two roots, of which 
the most posterior supplies the velum and the lower lip, 


' Bull. de ?Acad. Sci. Belg., 1895, 3rd Ser., vol. xxix. 
* Zeitsch. f. Wiss. Zool., vol. xxxvi., 1882. 

* Manitore Zool. Ital., vol. v., 1894, p. 171. 

* Nervise Central Organe, p. 404. 

5 Op. cit. 
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while the most anterior splits into a series of separate 
branches for the supply of the tentacles and upper lip. 
The characteristic way in which the velar nerve turns 
abruptly forward to supply the lower lip, and that only 
(fig. 10),’ inclines me to the belief that the velum and lower 
lip may belong more closely together than I originally 
thought, and it is worthy of consideration whether the 
formation of the metastoma from the chilaria of Limulus 
may not have originated the velum as well as the lower lip. 

It is, perhaps, worth mentioning here that Kupffer, in 
his recent papers on the embryology of Ammoceetes, con- 
siders from the evidence of the so-called epibranchial ganglia 
that the trigeminal nerve is formed by the amalgamation of 
at least five segmental nerves. 

A further and very important clue in the unravelling of 
the trigeminal group of nerves is afforded by the considera- 
tion of the third, fourth and sixth nerves. 


Eyre Muscite NERVES. 


All observers are agreed that the oculomotor and troch- 
learis nerves belong to the trigeminal nerve group and that 
the muscles they supply arise differently to those supplied 
by the trigeminal, belonging according to my nomenclature 
to the somatic group of muscles, and not to the splanchnic 
group. These eye muscles are remarkably constant through- 
out the vertebrate kingdom, and are as well defined in 
Petromyzon as in the higher vertebrates; although they 
may be said to belong to the somatic group of muscles, it 
by no means follows that they arose as part and parcel of 
the great longitudinal muscle sheet from which the somatic 
muscles of the body have arisen. The study of the muscular 
system in Ammoccetes shows that the striated muscles of 
the animal fall into three categories, (1) the longitudinal 
somatic muscles which are distinguished most markedly by 
their structure, their origin, and their innervation ; (2) the 


' N.B.—In the figure the velar branch of the trigeminal V, is drawn as 
though it went to the most ventral tentacle. This is wrong, it really supplies 
the lower lip 
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visceral or splanchnic muscles; and (3) the eye muscles; 
these latter resemble the visceral group in structure, but 
arise from v. Wijhe’s foremost dorsal mesoblastic segments, 
which he ranks as continuous with the trunk somatic seg- 
ments and not from the ventral splanchnic mesoblastic 
segments. In addition, these eye muscles do not in 
direction belong to the longitudinal group, but may be 
spoken of as forming a dorso-ventral rather than a 
longitudinal group of muscles. Confusion has to my 
mind arisen in endeavouring to force the somatic eye 
muscle group into the same group as the longitudinal 
somatic muscles. It seems to me highly probable that 
a solution is more likely to be found if these muscles 
are considered in a separate group—somatic if you like, 
but not belonging to the spinal longitudinal muscles. 
The solution which I offer tentatively is as follows :— 
As already mentioned, the prosomatic segmental nerves in 
Limulus and the Scorpions, just like the mesosomatic are 
made up of three nerves, the dorsal or epimeral nerve being 
sensory for the supply of the prosomatic carapace, the 
middle or lateral nerve being mixed for the supply of the 
prosomatic appendages, and the ventral nerve being mixed, 
in all probability, for the supply of the somatic muscles of 
the prosoma. Of these three nerves the descendants of the 
first two groups are represented by the trigeminal nerves, 
both motor and sensory, just as the descendants of the same 
two groups are represented in the mesosomatic region by 
the ascending root of the trigeminal and the facial, glosso- 
pharyngeal and vagus nerves. Hitherto the third set of 
nerves has not been considered either in the mesosomatic or 
prosomatic region. The history of the nerves which on my 
view correspond to this third group is given by v. Wijhe’s 
investigations; in his scheme the first and second dorsal 
somites give origin to the muscles innervated by the oculo- 
motor and trochlearis nerves respectively, the corresponding 
ventral segments being innervated by the trigeminal; the 
third dorsal somite gives origin to the muscles innervated 
by the abducens, and the corresponding ventral segment 
belongs to the facial nerve; the corresponding dorsal 
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somites of the fourth, fifth and sixth segments belonging, 
according to him, to the facial, glosso-pharyngeal and vagus 
groups do not develop any muscles. Next come the longi- 
tudinal muscles innervated by the hypoglossus, muscles 
which are recognised now-a-days as innervated by the 
spino-occipital nerves, and thus form the foremost of the 
spinal longitudinal group of muscles. My interpretation of 
v. Wijhe’s facts would be that the eye muscles alone repre- 
sent all that is left of the somatic muscles of the prosomatic 
and mesosomatic segments, and that v. Wijhe’s evidence 
goes to show that whereas these muscles of the prosoma 
are represented by the oculomotor and trochlearis group, 
the corresponding muscles of the mesosoma have been lost, 
with the exception of the external rectus innervated by the 
abducens. 

The description of the muscular system of Limulus and 
Scorpion has been well given by two pupils of Ray Lankester, 
Benham and Miss Beck.' In both cases the muscles are 
divisible into three groups, viz.: the muscles of the append- 
ages and two groups of muscles of the soma, viz., a longitu- 
dinal group and a dorso-ventral group. Most characteristic 
are the mesosomatic dorso-ventral muscles in both animals, 
the vertical mesosomatic muscles as Benham calls them. In 
each paired segment a pair of these muscles passes from the 
sternal to the tergal surface ; in the prosomatic region these 
segmental dorso-ventral muscles still continue, but are not 
so simply definable in this region owing to a greater concen- 


tration of the muscles in this region and to the presence of 


the plastron. We may, however, fairly say that a segment- 
ally arranged series of dorso-ventral somatic muscles are a 
marked characteristic of the prosomatic and mesosomatic 
regions in both Limulus and Scorpions. 

I suggest then that the reason for the peculiarities of the 
eye muscle group, the reason why they must be placed in a 
separate category to all other muscles, is given if the dorso- 
ventral segmental muscles of the prosomatic region are 
represented by the muscles innervated by the oculomotor and 
trochlearis nerves, while the corresponding muscles of the 


' Trans. Zool. Soc., vol. xi., 1885. 
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mesosoma have disappeared with the exception of the ex- 
ternal rectus innervated by the abducens. 

If this be so, then the oculomotor and trochlearis nerves 
ought to correspond to the same number of segments as the 
motor trigeminal nerves, and conversely if reason be given 
that the oculomotor nerve is not a single segmental nerve, 
but supplies many segments, then the number of segments 
supplied by the oculomotor and trochlearis ought to help 
the determination of the number of segments belonging 
to the motor part of the fifth. It seems clear that no 
sufficient evidence has been given morphologically which 
compels us to look upon the oculomotor nerve as a single 
nerve. Rabl' has pointed out that v. Wijhe’s most anterior 
segments look more like an amalgamated series of seg- 
ments than separate segments, comparable to those in the 
spinal region, and it is clear that if, as I have urged, this 
region is characterised by a special concentration, that that 
concentration may have affected the formation of the 
peripheral segments as well as the nervous metamers. 

To turn from the embryological evidence to the ana- 
tomical, the teaching of recent anatomy is distinctly in 
favour of a multiple origin of the oculomotor nerve ; we see 
that the observations of Perlia on new-born animals led him 
to the conclusion that the nucleus of origin of the oculo- 
motor nerve is made up of a number of cell groups quite 
distinct from each other, each group being comparable to the 
nucleus of the trochlearis. The older observations of Hensen 
and Vélkers were to the effect that the terminal branches of 
the oculomotorius, ¢.e., the nerves to the separate eye 
muscles, are arranged sagitally behind each other, and can 
be separated physiologically. Bernheimer, Schwabe and 
Bach have recently by the degeneration method endeavoured 
to settle which muscles are innervated from the nucleus of 
the opposite side, and what are the limits of the nucleus of 
the nerve of each muscle. Further observation is necessary 
before we can speak with certainty on this point, but enough 
has been done to lead distinctly to the conclusion that the 
nucleus of origin of the oculomotor nerve is composed of a 
' Anat. Anzeige, 1892, p. 104. 
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series of nuclei, each of which is equal in value to the 
nucleus of the trochlearis. Each of these gives origin ap- 
parently to one of the nerves belonging to one of the eye 
muscles. Some of these cross like the trochlearis to supply 
the muscles of the opposite side, while some pass direct to 
the muscles of the same side. If then each superior oblique 
muscle represents a dorso-ventral somatic muscle of a seg- 
ment, similarly each inferior oblique, superior rectus, inferior 
rectus and internal rectus represents the corresponding 
dorso-ventral muscle of four other segments, and I should 
come therefore to the conclusion that the oculomotor and 
trochlearis nerves represented the ventral somatic nerves of 
at least the first five prosomatic segments, the appendages of 
which are represented by the upper lip and tentacles. I 
say at least because the meaning of the levator palpebre 
superioris and the retractor bulbi muscles has not been con- 
sidered. Coming now to the abducens and the external 
rectus muscle I cannot agree with Hatscheck' that this 
muscle arose in Ammoceetes as part of the longitudinal system 
of somatic muscles ; it belongs to the dorso-ventral group just 
as much as the other eye muscles, and has the same struc- 
ture. Its nucleus of origin belongs rather to the facial 
region than to the trigeminal, and the muscle arises according 
to v. Wijhe in connection with the facial segment. Neal? has 
published lately an interesting account of the relation of the 
abducens to the neuromeres, from which he concludes that” 
the abducens is the sole representative of a series of ventral 
nerves belonging to the facial, glosso-pharyngeal and vagus 
segments. These nerves in all probability originally inner- 
vated opisthotic musculature ; the muscle of one, however, 
has taken up a prootic position, and this one alone has 
survived in the shape of the external rectus. 

Translating these conclusions of Neal into the language 
of this paper, I should say that the external rectus muscle 
is the sole survivor of a series of similar dorso-ventral meso- 
somatic muscles, and that it has survived because it has 


! Anat. Anzeiger, 1892. 
* Neal. “The segmentation of the nervous system in Squalus acanthias.” 
Bull. of Mus. of Comp. Zool., Harvard, vol. xxxi., p. 147, 1898. 
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taken on a prosomatic position in connection with the other 
prosomatic dorso-ventral muscles. 

An additional plausibility is given to this suggestion by 
the observation of Benham that the dorso-ventral somatic 
muscle of the foremost mesosomatic segment in Limulus 
has taken up a prosomatic position, owing to the shifting of 
the foremost entapophysis on to the prosomatic carapace. 

I suggest, then, that the eye muscle-nerves may very well be 
the remnants of the nerves which supplied the dorso-ventral 
somatic muscles of the prosoma ; the abducens alone having 
originally belonged to the mesosomatic region. Such an 
explanation gives an adequate reason for the absence of 
muscle spindles in these muscles, as noticed by Sherrington, 
an absence which would be decidedly improbable if these 
muscles were originally part of the ordinary somatic muscles 
of the body. It also to my mind explains Sherrington’s 
inability to find the ganglia cells of the sensory nerves of 
these muscles, for if they are the only remnant of this old 
somatic muscular system, I should expect that the cells of 
their sensory nerves would be in the oculo-motor nucleus 
itself, or, at all events, within the brain, and not yet differen- 
tiated into posterior root ganglia. 


GIANT-CELLS AND GIANT-FIBRES. 


This trigeminal or prootic region of the brain affords 
yet another clue, which I cannot help thinking is of great 
significance, viz., the presence and function of the giant- 
cells and giant-fibres. 

These fibres are the well-known Mauthnerian fibres of 
the fish, which arise from the giant-cells in the region of 
the eighth nerve. These giant-cells, one on each side, are 
most conspicuous on each side of the middle line, and send 
their dendritic processes to mingle with the fibres of the 
eighth nerve, their axis-cylinder process, which forms the 
Mauthner fibre, crosses soon after it leaves the cell, and 
passes down the cord right to the tail; here it breaks up, 
and is believed by Fritsch! and others to supply directly the 


' G. Fritsch. Untersuch. iib. d. feineren Bau d. Fischgehirns, Berlin, 
1878. 
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muscles of the tail. Thus Bela Haller’ says:—‘‘ The 
Mauthnerian fibres are known to give origin to certain fibres 
which supply the ventral roots of the last three -spinal 
nerves ; so that their end branches serve in all probability 
for the innervation of the muscles of the tail fin.” They do 
not occur, according to Haller, in the eel, or in the Siluroids, 
according to Kolliker.* For this reason Fritsch’s original 
conclusion that these giant-fibres are associated axis- 
cylinders for certain definite coordinated movements of the 
fish, especially for the lateral movement of the tail, gains in 
probability. When we pass to the Ammoceetes we find this 
system of giant-fibres, which are here called Miullerian fibres, 
more extensively represented. The giant-cells are divisible 
into three groups. The first group consists of three pairs 
in front of the fifth nerve, of which two are in front of 
the exit of the third nerve and one pair at the origin of the 
third nerve. 

The second group consists of a number of cells in the 
region of the nucleus of the fifth nerve. 

The third group consists of a number of cells at the 
level of the entrance of the fibres of the eighth nerve. 

The largest cells are found in the first and third groups. 
The Millerian fibres, to which these cells give origin, largely 
decussate, as described by Ahlborn, and then become the 
most anterior portion of the white matter of the cord, 
forming a group of about eight fibres on each side. A few 
fibres are also found laterally and slightly dorsally to the 
grey matter. These giant-fibres pass down the cord right 
to the anal region ; their ultimate destination is unknown. 
Mayer’ considers them in the first part of their course to 
form the posterior longitudinal bundle, and I should imagine, 
therefore, that the spinal part of their course would repre- 
sent the antero-lateral descending tract, and that the third 
group in connection with the eighth nerve represents Deiter’s 
nucleus ; the whole system being probably a coordination 
mechanism, connected possibly with the maintenance of 


! Morphol. Jahrbuch, vol. xxiii., 1895, p. 93. 
* Handbuch der Gewebe Lehre, 6 Aufl., vol. ii., 1893, p. 169, 
3 Anat. Anzeig., bd. xiii., p. 649. 
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muscular tone, which arises entirely in the prootic or pro- 
somatic region of the brain, the great coordinating and 
equilibration region par excellence. 

If we turn now to the Arthropod, it is a striking coinci- 
dence that in the crayfish and in the lobster the work of 
Retzius,' of Celesia,? of Allen,* and many others, demonstrate 
that an equilibration mechanism exists for the swimming 
movements of the tail muscles, which is carried out by 
means of giant-fibres, which run as axis-cylinder processes 
of giant-cells in the brain region through the whole ganglion 
chain, to supply the tail muscles; nay, more; just as the 
Mauthnerian fibres are said to branch and supply the tail 
muscles with motor fibres directly, so the two giant fibres 
in the crayfish cord, according to Retzius, branch at the last 
abdominal ganglion, to pass out directly with the nerves to 
the tail fin. Allen has shown that in addition to these two 
giant-fibres, there are a number of other fibres, some of 
which cross, some do not ; each of which arises from a large 
nerve-cell and passes to the last abdominal ganglion. These 
latter fibres, he says, send off collaterals, while the two giant- 
fibres do not. The cells which give origin to all these large, 
long fibres are situated in or above the prosomatic region of 
the brain, just as the giant-cells, which give rise to the cor- 
responding Millerian fibres of Ammoccetes. How far this 
system is represented in Limulus or the Scorpion I do not 
know. 

It is to my mind improbable that the Mauthnerian fibres 
should pass out directly as motor fibres to the muscles of the 
tail fin; it is more likely that they are conducting paths 
between the equilibration mechanism in connection with the 
eighth nerve and the spinal centres for the movements of the 
tail. Similarly with respect to the arthropod it is difficult 
to believe that the motor fibres for the tail muscles should 
arise in the brain region. In either case, the striking coinci- 


' Biol. Untersuch., i. 1890. “ Zur Kenntniss des Nervensystem der 


Crustaceen.”’ 

* Differenziamento d. proprieti inhib. e, d. funzioni coordinatrici n. catena 
gangliare d. crostacei decapodi, Genoa, 1897, p. 80. 

* “Studies on the Nervous System of Crustacea,” Q. J. of Mier. Sci., vol. 


xxxvi., p. 461. 
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dence remains that the movements of the tail end of the 
body are regulated by means of giant-fibres which arise from 
giant-cells in the head region of the body in both the arthro- 
poda and the lowest members of the vertebrata. 





Fig. 18. 


A, median sagittal section through head of young Thelyphonus; B, median 
sagittal section through head of young Ammoceetes; C, median sagittal section 
through head of full grown Ammoccetes, 

In order to complete this history of the meaning of the 
cranial nerves, I ought now to consider the nerves of special 
sense, especially the auditory and olfactory. It is, however, 
impossible in the limits of a single address to bring before 
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you all the coincidences which exist between the cranial 
nerves of Ammoccetes and the nerves of the Scorpion and 
Limulus group. I will content myself with mentioning 
that, as pointed out in my address to the British Association 
at Liverpool, the auditory nerve and auditory capsule may 
well be represented by that extraordinary sense organ—the 
flabellum—of Limulus, while the olfactory nerve and nasal 
organ of Ammoccetes, as is seen in fig. 18, corresponds 
most closely with the camerostome of the Scorpions, Thely- 
phonus, &c. 

The views which I have put before you can be presented 
in the form of the following table, which is intended only to 
represent the general nature of my conclusions, and in the 
last column I give v. Wijhe’s segments to show how they 
compare with mine. 

Such then is the conclusion to which my theory of the origin 
of the central nervous system of vertebrates from the central 
nervous system of an arthropod ancestor logically leads, viz., 
that the cranial segmental nerves represent the original type 
of segmental nerves, and are all derived from the correspond- 
ing segmental nerves of the arthropod. The spinal type is 
a more recent type, and like the spinal cord is a vertebrate 
characteristic. One great reason why I feel that my theory 
is based on true lines, and will ultimately be accepted, is 
because it is in harmony with what is to my mind the great 
leading conception underlying the whole evolutionary pro- 
cess, that all upward progress in the animal world is corre- 
lated with a steady growth of the central nervous system, 
especially of the foremost part of it or brain. 
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CEREBRAL DIPLEGIA. 


BY JAMES S. COLLIER, M.D., B.SC.LOND., M.R.C.P. 
Senior House Physician to the National Hospital, Queen Square, W.C. 


THE subject matter of this paper consists of three 
parts :-— 

Part I.—An account of some cases of cerebral diplegia 
from the wards of the National Hospital, with a patho- 
logical report upon two cases by Dr. Risien Russell. 

Part 1I.—A summary of the present knowledge and 
opinions concerning cerebral diplegia. 

Part III.—A bibliography of the subject. 


Part I. 


An Account of some Cases of Cerebral Diplegia observed 
at the National Hospital. 


The following cases of typical cerebral diplegia show 
important etiological relations and a progressive and inter- 
esting symptomatology. 

In the literature of the subject there are very few cases 
recorded in which there has been an opportunity for patho- 
logical investigation of the central nervous system, at a time 
when the onset of the disease was still comparatively recent. 
Much difficulty has arisen in the attempt to correctly esti- 
mate the nature of the initial morbid process of the disease 
from the anatomical characters of central nervous organs 
examined at a time relatively remote from the onset of the 
malady, during which time secondary morbid processes, 
such as sclerosis, tissue absorption, &c., have occurred. In 
two of the cases the central nervous system was examined 
by the most recent methods of histological investigation 
soon after the onset of the malady, death having occurred 
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while the symptoms were still progressing, and while it may 
be fairly argued that the initial morbid process was still 
active. In these cases the same pathological condition was 
found, and it throws considerable light upon the origin of 
diffuse and lobar cerebral sclerosis, which are commonly the 
final lesions found in cases of cerebral diplegia. 

I am indebted to the kindness of Dr. Bastian, Sir 
William Gowers, Dr. Ormerod, and Dr. Tooth, for per- 
mission to publish the notes of these cases, and to Dr. 
Risien Russell for the pathological report. 


Case 1. Generalised Rigidity : Autopsy. 


H. G., aged three years, was admitted into the National Hos- 
pital under the care of Dr. Bastian in December, 1897, with 
paralysis and rigidity of all four limbs and inability to speak. 

The family history was unimportant. The father denied 
venereal disease, and no facts were elicited suggesting syphilis. 
The patient was the youngest but one of five children, and the 
other four were strong and well. 

The history was as follows :— 

She was a full term child, and the birth was natural. She 
began to talk and walk at eighteen months old, but she was never 
able to walk alone. At this time she was much frightened by a 
lamp explosion in the room where she was sleeping, and the 
mother stated that she had been very nervous ever since. She 
had none of the usual ailments of childhood. 

in August, 1897, she appeared to be generally unwell, and did 
not take her food for a few days. She was very fretful, and it 
was noticed that she began to have difficulty in crawling about. 
She gradually became weaker in the limbs, and the limbs became 
stiff. She gradually lost her speech, and in November, 1897, she 
began to have great difficulty in swallowing, and the legs became 
«stretched out stiff” and could not be bent. She had no fit or 
convulsion at any time. 

On examination she was a poorly nourished, fresh complexioned 
child, with no signs of congenital syphilis. As she lay in bed her 
appearance was very remarkable. There was spontaneous rapid 
nystagmus of small range, both rotatory and lateral. The face 
wore a fixed, rather bright expression, with the eyes wide open 
and staring. There was absolutely no emotional play of the 
features, and when she cried the angles of the mouth were only 





Fig. 1. 
Attitude in Generalised Rigidity. Case 1. 


Attitude in Generalised Rigidity. Case 2. 
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drawn back to a slight extent; the expression was “ starched ” ; 
the head was slightly retracted. 

The left arm was held across the chest, rigidly flexed to an 
acute angle, the right was less rigidly extended by her side. 

Both lower extremities were rigid, and there was pes cavus in 
both feet. The right knee was hyperextended to a marked degree ; 
the right foot was dropped. 

The left knee was kept rigidly flexed at an angle of 120°, and 
was adducted so as to cross the other knee. The abdomen was 
retracted. 

This facial aspect and the position of the limbs did not change 
at all during the nine months she remained in hospital. 

Her mental state was very much reduced. She would turn 
her head when her name was called, and would follow a bright 
object with her eyes. She tried to laugh when a doll was given 
her. She uttered no articulate sound at all. She did not seem 
to understand simple questions. 

Vision did not seem to be much impaired, but both optic discs 
were very pale and atrophic, and the vessels were small. There 
was no deafness. The pupils were equal and reacted normally. 
There was marked spontaneous rotatory and lateral nystagmus. 
The ocular movements otherwise were good, and there was no 
strabismus. 

The palpebral fissures were wider than normal, and the face 
wore the curious fixed expression described above. When the 
child screamed the lower face was more drawn down on the left 
side than on the right. 

There was great difficulty in swallowing ; only small quanti- 
ties of semi-liquid food could be taken without the patient 
choking. 

All the trunk muscles were stiff, and respiration was pre- 
ponderatingly abdominal. 

The position and rigidity of the limbs has been already de- 
scribed. She could make all the movements of the left arm 
slowly and clumsily, but she was entirely unable to move the 
right arm and both legs. 

There was great pain on any attempt at passive flexion of the 
rigid joints. 

Sensation seemed quite unaffected. The sphincters acted 
naturally. 

The plantar reflexes were brisk, and were of the extensor type. 
The abdominal reflexes were brisk. The knee-jerks were present, 
but very difficult to obtain on account of the rigidity. No foot 
clonus was obtained. 
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The child remained in the same condition, except that the left 
arm gradually became rigid and motionless, and that there was 
considerable emaciation. An attack of broncho-pneumonia proved 
fatal in September, 1898, ten months after admission. 


Fig. 1 is taken from a photograph of the patient four 
months after admission. 

In the history of this case there is nothing to suggest the 
cause of the disease. The child began to walk at the usual 
age, and though apparently healthy till two years and nine 
months old, was never able to walk alone. This fact sug- 
gests that some pathological process was in operation long 
before the onset of definite symptoms. The mother’s 
account of a fright may probably be dismissed as an instance 
of the tendency to attribute illness to some definite incident 
which has become fixed in the memory of the person from 
whom the history of an illness is obtained. It is likely that 
the general ill-health immediately preceding the onset of 
definite symptoms may have been an important factor in the 
precipitation of a morbid process already in activity, rather 
than the initial manifestation of disease in a healthy subject. 
That these symptoms were evidence of an acute tissue pro- 
cess causing the disease is, I think, rendered unlikely by the 
subsequent regularly progressive course of the disease, when 
the general health of the patient appeared normal. It is 
especially important, in the consideration of cerebral diple- 
gia, to bear in mind that the sudden appearance of symp- 
toms in an apparently healthy subject does not argue against 
the congenital origin of the disease. The tissues are endowed 
with a certain tenure of life only, and their tenure of life 
may be greatly shortened by the occurrence of morbid pro- 
cesses during development and by hereditary influences. 
Congenital morbid processes may suddenly produce symp- 
toms in subjects who have been apparently healthy for a 
long period. The truth of this assertion is frequently evi- 
denced in cases of hereditary insanity, adolescent general 
paralysis, Friedrich’s disease, myopathy, &c. The effect of 
an acute illness in precipitating symptoms due to an already 
acting morbid process is, perhaps, often not sufficiently 
recognised, and what is in reality only an immediate exciting 
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cause is considered the ultimate factor in disease. The not 
uncommon occurrence of the first symptoms of tabes, dis- 
seminated sclerosis, and paralysis agitans, after attacks of 
influenza, serves as a good example of the immediate 
exciting effect of acute illness upon chronic morbid pro- 
cesses. 

The clinical picture of the case was one of severe gene- 
ralised rigidity. Some of the signs are worthy of comment. 
Optic atrophy is of rare occurrence in these cases, and has 
been reported only in the more severe forms of this disease. 
It is probably due to the same pathological process affecting 
the retina as occurs in the cerebral cortex. The spontaneous 
nystagmus, staring expression and mask-like face are cardinal 
signs of spasticity of the ocular and facial muscles. 

Difficulty of deglutition occurs not infrequently, and is 
referable to slow contraction and stiffness of the pharyngeal 
muscles. Head retraction, which may be sufficiently marked 
to suggest the presence of meningitis, occurs in cases where 
the trunk is severely affected. The extensors of the neck 
are much stronger muscles than the flexors, and when both 
flexors and extensors are equally rigid, a position of exten- 
sion of the head occurs. 

The position of the limbs in this case, and in the next 
to be described, was peculiar, combining two characteristic 
attitudes described in cerebral diplegia; the left limbs being 
in the “attitude of adoration,” and the right limbs in a 
position of rigid extension (vide infra). 

Where voluntary movement was possible the preponder- 
ance of rigidity over loss of power was marked. This pre- 
ponderance of rigidity over paralysis is characteristic of 
cerebral diplegia. 


Pathological Report by Dr. Risien Russell. 


An autopsy was performed twenty hours after death. 

The dura mater was slightly adherent in places to the 
arachnoid over the upper part of the convexity of the hemi- 
spheres. 

The lepto-meninges were irregularly thickened over the 
VOL, XXII. 25 
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upper part of the convexity of both hemispheres, the process 
being evidently chronic, and no evidence of fresh exudation 
or pus was detected. 

There was well-marked compensatory oedema of the pia 
arachnoid. 

The convolutions of both cerebral hemispheres showed 
marked general atrophy, with widening of the sulci, the con- 
dition being most pronounced in the frontal lobes and upper 
part of the central convolutions, but the occipital lobes also 
presented somewhat of a “‘ rabbit’s intestine” appearance. 

On palpation the brain felt unduly firm, and there was 
nothing in its appearance or to the touch which suggested 
the presence of hydrocephalus. The meninges at the base 
showed absolutely no sign of thickening or other evidence of 
old or recent meningitis, and they were equally free from 
any such change at the exit from the fourth ventricle. 

After the brain had been hardened in formalin, sections 
into each cerebral hemisphere at different levels failed to 
reveal any abnormality in connection with the centrum 
ovale, internal capsule, basal ganglia or any other part. 

When the lepto-meninges were removed a general 
granular appearance of the cortex was obvious. The con- 
dition, as seen on macroscopical examination, suggested a 
sclerosis of the cortex with shrinking. 

The lungs showed marked broncho-pneumonia. 

Parts of the central nervous system were preserved in 
formalin, and other parts in Miiller’s fluid, and in the subse- 
quent examination of sections made from the brain, cere- 
bellum, pons, medulla, spinal cord, and optic nerves, the 
methods of staining employed included those introduced by 
Nissl, Marchi, and Pal, in addition to which stains such as 
hematoxylin, eosin, and aniline blue-black were used. 

Brain. — Apart from the patchy thickening of the 
meninges already described, no evidence of meningitis is 
seen, nor is there any undue engorgement-of the meningeal 
vessels, whose walls further appear free from any abnormal 
thickening. The cerebral substance itself is equally free 
from any inflammatory changes, either of an acute or 
chronic character. The blood-vessels are not unduly plenti- 
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ful, they are not engorged, their walls are natural, and none 
of them are seen to be thrombosed. Moreover, there is no 
sign of any perivascular round cell proliferation, no haemor- 
rhages, and no increase of interstitial tissue that can be 
regarded as constituting any sclerosis of the brain. The 
feature which arrests the attention of the observer on 
examination of sections from different regions of the cortex 
of both cerebral hemispheres is the great paucity of pyra- 
midal cells. In some parts scarcely a cell of the kind is 
revealed by the stains employed, while in other parts groups 
of pyramidal cells are seen; but even these are obviously 
greatly altered, most of them presenting a marked degree of 
atrophy. There is nothing in the appearance of the cells to 
suggest anything of the nature of an acute degeneration, for 
neither the cells nor their nuclei present any signs of 
swelling, nor is destruction of the cells with extrusion of 
their nuclei a feature in the changes seen. Many of the 
cells present preserve more or less of their normal pyramidal 
shape, but they are all below the normal in size, many of 
them very much so. There is a diffuse staining of the cells 
by the Nissl method, with no tendency to picking out of 
the so-called Nissl bodies or chromatic substance which 
forms so striking a feature in normal pyramidal cells treated 
according to this method. 

Pons and medulla.—Apart from degeneration of the 
pyramidal fibres on both sides of the pons and medulla, 
there is no obvious change either of the nature of a seton- 
dary degeneration or sclerosis of any of the other tracts 
of fibres such as the fillet, posterior longitudinal bundles, 
superior and inferior cerebellar peduncles, and the like, or 
of the nature of an inflammatory reaction, or a softening 
the result of thrombosis. With regard to the degeneration 
of the pyramidal fibres, it is noteworthy that in sections 
prepared by the Marchi method but few nerve fibres show 
the typical reaction to osmic acid which we are in the habit 
of meeting with when there is acute destruction of the 
myelin sheaths. The myelin sheaths of a large number of 
the fibres stain rather a greyish black instead of the usual 
intense black colour, and there is in addition a diffuse 
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speckling of the section with black dots within the degener- 
ated areas. The appearances which are being described are 
not due to post-mortem change; but from the experience 
which I have gained from similar observation in other cases, 
I am led to regard them as evidence of nutritional changes 
occurring slowly in the myelin sheaths as opposed to the 
rapid changes which oecur when they are suddenly severed 
from their source of tropic supply. Im short, the changes 
presented by the myelin sheaths of the pyramidal fibres are 
compatible with some slowly progressing degenerative or 
atrophic change going on in the part of the neuron known 
as the cell, rather than with any acute destruction of the 
cells. 

As seen with the unaided eye in sections stained by 
Pal’s method, the pyramids appear completely degenerated, 
but under the microscope many nerve fibres are seen to be 
normal, these being of various sizes; more of these are 
present in one pyramid than in the other. Many pyramidal 
fibres that still stain when sections are treated by Pal’s 
method are swollen and obviously changed to a variable 
degree. 

Spinal Cord.—There is marked degeneration of the 
crossed and direct pyramidal tracts on both sides of the 
cervical region of the spinal cord, the area occupied by 
the degeneration, in regard to both the crossed and direct 
pyramidal tracts, being more extensive on one and the same 
side of the cord than on the opposite side. The same dis- 
tribution of the degeneration is met with in sections taken 
from different levels throughout the whole extent of the 
thoracic portion of the cord; but whereas the degeneration 
of the crossed pyramidal tracts is still distinct throughout 
the lumbar and even in the sacral region, no obvious degen- 
eration is seen in the direct pyramidal tracts, with the 
unaided eye, in sections prepared by Pal’s method. Under 
the microscope, however, the degeneration of the direct 
pyramidal tracts can be traced into the lumbar region of 
the cord; this is an especially easy task in so far as the 
more extensively degenerated direct tract is concerned. In 
the sacral region, however, no definite indication of degen- 
eration of either direct tract can be determined. 


- 
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All the other tracts of the spinal cord are natural, none 
of them presenting any evidences of degeneration or other 
change, while the grey matter is everywhere equally free 
from any obvious abnormality. 

Optic Nerves.—As seen both on longitudinal and trans- 
verse section, there is obvious atrophy and degeneration of 
the optic nerves. The bundles of nerve-fibres are shrunken, 
and the spaces between them much in excess of the normal, 
but there is nowhere any evidence of inflammatory changes 


occurring in the interstitial tissue. 


Case 2.—-Generalised Rigidity : Autopsy. 


D. J., aged 24 years, was admitted into the National Hos- 
pital, under the care of Dr. Bastian, on April 18, 1898, Her 
mother said that she had lost the use in all her limbs since a fall 
three months before. 

Both parents were healthy, and the father denied venereal 
disease. One child of their family was alive and well, and one 
died, prematurely born. 

The mother’s last pregnancy was a molar pregnancy. There 
was no history of nervous disease in the family. 

The history of the case was as follows :— 

The patient was born at full term, and the birth was natural. 
She was quite healthy till the onset of this illness, three months 
before admission. She was always a bright, intelligent child, and 
could walk well when the illness came upon her. She had not 
learned to talk. 

Three months before admission, when in perfect health, she 
had a fall against the edge of a tub, but did not strike her head, 
and did not seem to be much hurt. To this fall the mother attri- 
buted the illness. 

Three days later she was noticed to be poorly, and did not 
take her food. On the following day she complained of her head 
aching, and she was noticed to squint and to be unsteady on her 
legs. After this all four limbs gradually became weak, so that 
the child could not sit up, and a month afterwards all four limbs 
had become stiff, and had assumed the position to be subse- 
quently described. 

The headache was only complained of for two days. The 
child had not been convulsed, nor had she vomited at any period 
of her illness. 
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A fortnight before admission the mother first noticed difficulty 
in swallowing, and that the head was thrown back. 

On examination the patient was a well-nourished, delicate- 
looking child. She lay on her back in bed, with the head slightly 
retracted. She was very fretful, and quite conscious. She put 
out her tongue and grasped a finger on command. She did not 
utter any articulate sound. 

So far as they could be tested, the special senses seemed 
normal. Vision was certainly acute. The optic discs were 
normal. 

The pupils were unequal ; right — 5 mm., left = 2°55 mm. Both 
reacted to light, and during convergence, but the right much more 
sluggishly than the left. 

There was quick, spontaneous rotatory and lateral nystagmus, 
of small range, in all positions of the optic axes. 

There was no strabismus, and the ocular movements were 
good. She followed a bright light presented to her view, per- 
fectly in every direction. 

The face had a fixed, starched, pained expression, and there 
was a marked absence of any emotional play of the features. 
This was particularly noticeable when the child was crying. 
There was considerable difficulty with deglutition, and it was 
necessary to feed her with semi-solid food. 

There was marked rigidity in all the trunk muscles. Respira- 
tory movements were preponderatingly abdominal. 

The condition and position of the limbs closely resembled 
those of the patient H.G. They presented no marked wasting 
and no tremor. The elbows were rigidly flexed to an acute angle, 
‘and adducted (attitude of adoration). She did not move the elbow 
or shoulder joints at all. Passive movements at these joints 
required much force, on account of the extreme rigidity, and such 
movements caused great pain. She could flex and extend the 
fingers imperfectly and slowly. The left lower limb was rigidly 
extended, and the left knee was hyperextended. The right lower 
limb was rigid, in a position of slight flexion and adduction at the 
hip joint, and flexion at the knee joint. 

Both feet were dropped, the dorsa being in a line with the 
tibiz, and were inverted. She could move the lower extremities 
at all joints, but very feebly, and with a very small range of 
movement. The rigidity of the lower extremities at all joints 
was so great that extensive passive movements were impossible, 
and the attempt to perform them produced great pain. 

So far as could be ascertained, there was no defect of objec- 
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tive sensation, and she did not appear to suffer any pain except 
when the limbs were moved. 

The sphincters were normal. The cranium was normal, 
except that the anterior fontenelle was still to be felt. 

The plantar reflexes were present, and showed an extensor 
response on both sides. The abdominal reflexes were brisk. The 
knee-jerks were obtained with difficulty, owing to the rigidity. 
No ankle clonus was obtained. This patient remained in the 
hospital until her death six months after admission. She 
emaciated considerably, and had several attacks of broncho- 
pneumonia, the last of which proved fatal. During this time the 
aspect of the case did not alter materially. Swallowing became 
more difficult, and the four extremities became completely para- 
lysed and rigid. The position of the upper extremities changed. 
The left arm became rigidly extended a month after admission, 
and at this time a photograph, reproduced in fig. 2, was taken. 

Subsequently the right arm became extended, and both arms 
became adducted to the sides and pronated to an extreme degree, 
so that the olecranon processes looked directly forwards (extension 
pronation attitude). The condition of the lower limbs, the nys- 
tagmus, the inequality of the pupils, and the optic discs remained 
the same. 


In this case there are some facts suggesting a patho- 
logical maternal condition during pregnancy. The child 
preceding this One was prematurely born, and lived only a 
short time, and the pregnancy following the birth of this 
patient was a molar pregnancy. 

As in the first case reported here symptoms of general 
illness immediately preceded the onset of the nervous symp- 
toms, and up to this time nothing had suggested that the 
child was not absolutely healthy. 

The clinical picture was almost identical with that of the 
preceding case. The transient squint, inequality of the 
pupils and slowness of pupil reaction have been noted in 
many recorded cases. 


Pathological Report by Dr. Risien Russell. 
The autopsy was performed fifteen hours after death. 
The skull cap and dura mater were natural. The brain 
was considerably smaller than the bony case of the skull, 
there being a large space between the inner surface of the 
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bone and the surface of the cerebrum. The lepto-meninges 
were natural, and there was no evidence of meningitis. 
Although the brain was obviously small as a whole, there 
was very little shrinking of the convolutions or widening of 
the sulci; but the latter were a little more marked than 
normal about the central convolutions and hinder part of 
the frontal lobe. 

The arrangement of the convolutions was normal, and 
there was none of the “ rabbit’s intestine” appearance of the 
frontal and occipital lobes such as was seen in the case of 
H. G. There was no softening of the convolutions on the 
surface and no evidence of hydrocephalus. On palpation 
the brain was unduly firm. The pia mater could be stripped 
from the convolutions without tearing the cortex. The cere- 
bellum, pons and medulla appeared normal. After harden- 
ing in formalin the surface of the convolutions presented a 
granular appearance when the pia arachnoid was stripped 
off such as was seen in the case of H. G., but to a much 
slighter extent. 

On making horizontal sections into the two hemispheres 
no gross change was found. The grey matter was obviously 
reduced in places, though more or less irregularly so. The 
white matter was also reduced, quite narrow bands repre- 
senting the internal capsule and the entering fibres from the 
frontal and occipital lobes. The basal ganglia, on the other 
hand, appeared well developed. 

As in the case already described, so in this one, parts of 
the central nervous system were preserved in formalin and 
other parts in Miller’s fluid, and the stains employed in the 
preparation of sections for microscopical examination were 
those devised by Nissl, Marchi, and Pal respectively, in 
addition to which hematoxylin, eosin, and aniline blue- 
black were used. 

Brain.—Microscopical examination of the cerebral me- 
ninges reveals evident cedema of the pia arachnoid, the two 
layers of the membrane being separated from each other 
to a considerable extent without there being anywhere the 
slightest evidence of any inflammatory reaction. The vessels 
of the meninges are natural, and there is no perivascular 





ew 








CEREBRAL DIPLEGIA 385 


proliferation of round cells, no multiplication of nuclei, and 
the like ; and apart from the spacing out of the meninges in 
consequence of the cedema, there is no evidence of thicken- 
ing of them indicating any past or chronic inflammatory 
change. Nowhere is there any sign of unduly thickened 
bands of fibrous tissue extending into the substance of the 
cerebral cortex from the pia mater. 

The great feature which immediately obtrudes itself on 
the observer on microscopical examination of the cortex is 
the singular scarcity of pyramidal cells. This remark applies 
to all the different layers of these cells. Not only is there a 
great paucity of such cells, but those that are present 
are obviously markedly changed. Scarcely a pyramidal 
cell is to be seen which reaches the normal standard 
as regards size; the majority of them are considerably 
atrophied and shrunken, but none show any evidence of 
swelling of the cell or of its nucleus, nor is there any evi- 
dence of destruction of the protoplasm of the cells with 
extrusion of their nuclei and so on. There is a diffuse 
staining of the chromatic substance of the cells instead of 
the so-called Nissl bodies being picked out as obtains under 
normal conditions. The change is patchy in distribution, 
for while in parts scarcely a pyramidal cell is revealed by 
the stain, in other parts groups of such cells are seen, some 
of which are extremely atrophied, while others preserve 
more or less of their normal pyramidal shape. These 
changes do not appear to be limited to any one region of 
the cerebral cortex, as though sections were examined from 
different parts of both cerebral hemispheres, in all the 
same changes were seen, evidently consisting in a primary 
degeneration of the neurons of the cortex. Whether any 
of the paucity of the pyramidal cells is due to their never 
having developed, or whether all the changes are to be 
ascribed to degeneration of such cells which had at one 
time been normally developed, it is not, of course, possible 
to say. 

The blood-vessels in the cortex are not unusually plenti- 
ful, they are not engorged, and their walls show no evidence 
of any undue thickening. 
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There is nowhere the slightest sign of any inflammatory 
reaction, such as perivascular round-cell proliferation, multi- 
plication of nuclei, and the like. Nor is there the slightest 
sign of sclerosis, as evidenced by increase of interstitial 
tissue. Moreover, no thrombosed vessels and consequent 
softening of cerebral substance is anywhere to be seen. 

The cerebellum, pons, and medulla oblongata also show 
no evidence of inflammation, softening, or sclerosis. 

The only noteworthy feature in the pons and medulla 
oblongata is degeneration of the pyramidal fibres. In sec- 
tions prepared by Pal’s method the pyramids appear com- 
pletely degenerated, as seen with the unaided eye, but under 
the microscope many more or less normal fibres are seen 
scattered throughout these structures, while the myelin 
sheaths of many of the fibres which still stain are obviously 
greatly altered. All other tracts, such as the fillet, posterior 
longitudinal bundles, superior cerebellar peduncles, resti- 
form bodies, and so on, show no evident departure from 
the normal. 

What has been said with regard to the pons and medulla 
applies equally to the spinal cord, for in this part of the 
central nervous system the only abnormality that can be 
detected is degeneration of the crossed and direct pyramidal 
tracts. There is little difference to be made out in the 
amount of degeneration of the two crossed pyramidal tracts, 
but one direct pyramidal tract shows a more extensive area 
of degeneration than does the other, throughout the parts of 
the cord in which this degeneration is to be made out. As 
seen in the cervical region, the appearance of the two direct 
pyramidal tracts suggests that the one presenting the more 
extensive area of degeneration is in reality considerably 
larger than that of the opposite side; indeed, whereas the 
larger tract presents a convex border along the anterior 
median fissure, the corresponding border of the opposite 
tract is concave. The degeneration of the crossed pyramidal 
tracts can be traced throughout the cervical, thoracic, and 
lumbar regions of the cord to the sacral region, whereas the 
degeneration of the direct pyramidal tracts, as seen in sec- 
tions prepared by Pal’s method, can only be traced with 
certainty to the caudal end of the thoracic cord. 
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Optic Nerves.—Both optic nerves appear normal ; there 
is neither any obvious degeneration of the nerve fibres, nor 
any increase of the interstitial tissue. 

(In cases of cerebral diplegia, where the macroscopic 
condition of the hemispheres has been one of local or diffuse 
atrophy of convolutions, changes in the cells of the cortex, 
especially of the large pyramidal cells, without evidence of 
any vascular lesions or primary sclerosis, have been found 
by Cotard, in 1868; by Sachs, in 1892 (primary pyramidal 
neuron degeneration); by Warda, in 1895; by Mya- and 
Levi (incomplete development of cells of motor zone), in 
1896 ; and by Strumpell, in 1894. 

In the rare and fatal form of familial diplegia associated 
with changes at the macular lutea, first described by Waren 
Tay, a similar degeneration of the cortical neurons has been 
found in every case investigated microscopically, as the sole 
pathological lesion.—J. 8. C.] 


Cases 3 and 4. Generalised Rigidity. 


Isabel C., aged 2 years, and Kathleen C., aged 3 years, 
sisters, were admitted into the National Hospital on June 13, 1899, 
under the care of Dr. Ormerod, with paralysis “all over,” dating 
from shortly after birth. 

The parents were healthy, and there was no history of any 
nervous disease in their relations, nor any history of rheumatism 
nor tubercular disease. No history of syphilis could be obtained 
from either parent on careful questioning. They had been married 
for nine years. Their first three children were born at full term, 
and are perfectly healthy. The next child, K. C., was born at 
eight months, and weighed only three pounds at the time of birth. 
The mother had been ‘‘ weakly’ during the pregnancy. The birth 
was easy. The vertex presented; there was no asphyxia. 

The next child, I. C., was also born at the eighth month, and 
was very small. There was considerable difficulty with delivery, 
apparently owing to uterine inertia, and instruments were used 
The vertex presented, and there was no asphyxia. The mother 
was in a very weak state of health during the pregnancy. 

The mother had received no injury during either pregnancy. 

After the birth of the last child two miscarriages occurred, the 
first at the third month and the second at the sixth month. 
There was no assignable cause for the miscarriages. 
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The elder child, K. C., was apparently quite healthy at the 
time of birth. When two months old it was gradually noticed 
that though the child seemed quite intelligent, it could not use its 
limbs as it should have been able. Since this time the limbs 
have become more and more useless, and have become stiff. She 
never learned to talk. When two years old she had a general 
convulsion lasting half an hour, which the mother attributed to 
her having eaten some fruit. Her general health with this excep- 
tion had always been good. 

On admission she was a healthy-looking child, with an intelli- 
gent’ expression. She lay in bed with the arms flexed at the 
elbow and carried against the chest. The wrists were flexed and 
the fingers semi-flexed. The hips and knees were semi-flexed. 
She was not able to sit up, turn, or move in bed. 

Her mental state seemed intelligent. She took note of every- 
thing around her, and smiled brightly when pleased ; she under- 
stood simple speech. She occasionally cried, and when doing so 
gave vent to a series of hoarse, prolonged yells, unlike the crying 
of a healthy child. (This peculiarity was noticed in the four first 
cases reported in this paper.) She uttered no articulate sounds. 
The expression of the face was slightly fixed, and either angle of 
the mouth was dimpled in and rounded, evidently from tonic 
contraction of some of the muscles of that region. The head was 
a little retracted, and the muscles of the neck were distinctly 
rigid. There was some slight difficulty in swallowing. 

The special senses, so far as they could be tested, were normal. 
The pupils were equal and reacted normally. There was slight 
divergent strabismus, but no nystagmus. The cranial nerves 
were normal. The teeth were ill-formed and carious. The 
muscles of the trunk were weak and rigid. She had no power to 
sit up or turn in bed. Both upper extremities were rigid at all 
joints, but slight movement at all joints was possible, and she 
could grasp a finger slowly. Marked athetotic movements of the 
fingers appeared when the limbs were moved about or tickled, 
the hands assuming the position of extreme flexion of the wrist 
and complete extension and spreading of the fingers and thumbs. 

The lower extremities were semi-flexed at hips and knee, and 
there was contracture of calf muscles, flexors of knee and hip. 
There was much adductor spasm. There was slight pes cavus 
on either side. The legs were very rigid at all joints, and only 
the feeblest and most limited voluntary movements were possible. 
Sensation seemed unimpaired. The sphincters were normal. 
The plantar reflexes showed an extensor response on either side. 
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The abdominal reflexes were present. The knee-jerks were brisk. 
Foot clonus could not be elicited. 

The position of this patient as she lay in bed was remarkable. 
The head and trunk were bent forward, and there was general 
kyphosis. The upper extremities were flexed across the chest, and 
the lower limbs drawn up by flexor contracture. This position 
is of frequent occurrence in cerebral diplegia, and has been de- 
scribed as the attitude occupying the least possible room. A 
similar attitude occurred in case 4. 

The younger child, I. C., aged 2 years, was apparently 
quite healthy at birth, and seemed to progress well till about two 
months old. She was then noticed not to use the limbs properly. 
She had been getting progressively worse ever since. She had 
had two severe general convulsions, the first when a year old, the 
second when two years old. 

On admission she was a healthy-looking child. Her symp- 
toms and signs exactly resembled those of her elder sister, except 
that she had a convergent squint, and that the rigidity and athe- 
tosis were less marked and the power of moving the limbs a little 
greater. 

There was the same expression of face with the angles of the 
mouth dimpled in, the same aphasia, head retraction, general- 
ised rigidity, weakness and increase of the reflexes, extensor 
type of plantar reflex, and pes cavus, but these were less marked. 
This patient learned to say a few words when she was twelve 
months old, but afterwards she lost them, and had not uttered 
an articulate sound for nine months. 

The chief points of difference between these two cases of 
generalised rigidity, and the Cases 1 and 2, are that in the former 
there was slighter involvement of the face and a higher degree of 
intelligence was preserved. Probably the cortical affection was 
incident chiefly on the central convolutions, excepting the facial 
and ocular region. The severe affection of the prefrontal and 
occipital lobes in the two first cases carrying with it an almost 
entire absence of intelligence was in these cases probably absent. 


These cases were consecutive children of a mother who 
had suffered severely with general ill-health during both 
pregnancies. Both were born at the eighth month, and 
were very small. The difficulty in the delivery of the 
second child was evidently due to deficient power on the 
part of the mother. The two subsequent pregnancies 
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terminated in miscarriages at three and six months respec- 
tively. Both cases presented symptoms from birth. It is 
here logical to consider the premature birth and the cerebral 
diplegia as concomitant effects of some morbid process 
affecting the mother during the pregnancies, and that the 
two subsequent miscarriages were attributable to the same 
cause. 

Van Gehuchten has shown that the pyramidal fibres 
have not yet reached the lumbar cord at the seventh month 
of foetal life, and, followed by Marie and Brissaud, considers 
that an arrest of development of the pyramidal tract occurs 
from the premature birth, and that the pyramidal tract fails 
to reach the lumbar enlargement, and so causes that form of 
cerebral diplegia known as “‘ paraplegic rigidity,” or Little’s 
disease. This explanation of the pathology of paraplegic 
rigidity has received considerable acceptance among French 
writers on the subject, but it is based upon no pathological 
evidence. All recorded autopsies upon cases of paraplegic 
rigidity in children born prematurely have shown a very 
different pathological condition. 

Cases of paraplegic rigidity in children born at term, 
either dating from birth or subsequently acquired, as in 
Case 5, and cases of generalised rigidity associated with 
premature birth, of which Cases 3 and 4 are examples, 
stand out in strong opposition to van Gehuchten’s theory. 

I submit that when cerebral diplegia occurs in associa- 
tion with premature birth, the two do not stand in causal 
relationship with one another, but are the concomitant 
effects of a morbid process affecting both mother and foetus. 


Case 5. Paraplegic Rigidity. 


E. G., aged 6 years, was admitted into the National Hos- 
pital in March, 1899, under the care of Dr. Tooth. The father 
absolutely denied syphilis. The mother had had twelve children, 
of which the first eight were still-born at about the seventh month. 
The ninth child was this patient ; the tenth died when a week old, 
the eleventh died of convulsions, aged two and a half years, and 
the last child was alive, but weakly, aged one year. She was a 
full term child, and the birth was natural. She had snuffles 
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severely in infancy, and had measles when eighteen months old. 
Her health then remained good till four years of age, when she 
gradually became weak on her legs. In October, 1897, she had 
several attacks of left-sided convulsions, and the legs became 
gradually much weaker and became stiff. From this time she 
gradually became imbecile and passionate. She became unable 
to walk alone nine months after the legs were first affected. The 
left-sided fits continued at long intervals. 

On admission she was semi-idiotic. The special senses, 
cranial nerves, and upper extremities were normal. The lower 
extremities were weak and rigid, with much adductor spasm, 
contracture of the ham strings and calf muscles, and double pes 
cavus. When supported she walked with a typical cross-legged 
gait. Knee-jerks brisk. Double foot clonus. The plantar reflex 
showed an extensor response on either side. 

This patient showed no signs of congenital syphilis, yet from 
the history the presence of this factor is extremely probable. The 
common association of premature birth was absent in this case, 
yet the mother’s first eight children were prematurely born. This 
history points most strongly to the diplegia and the premature 
births being the concomitant effects of some influence dominating 
both the development of the foetus and the organism of the 
mother—perhaps, in this case, congenital syphilis. The con- 
genital origin of this case is almost beyond doubt, notwithstand- 
ing that the patient enjoyed four years of apparent good health. 


Case 6. Generalised Rigidity after long-standing Epilepsy. 


C. F., aged 18 years, was admitted into the National 
Hospital on July 7, 1897, suffering with fits and paralysis all 
over. There was a family history of asthma and rheumatism. 
He was brought up on the bottle, and in infancy had rickets and 
infantile convulsions and lasting nocturnal enuresis. When eight 
years old he fell a distance of twenty feet on to his head. A year 
later frequent attacks of petit mal occurred, and after another year 
these attacks gradually increased in severity until the fits reached 
the stage of severe general convulsions. He was an in-patient in 
the National Hospital on two occasions, in 1893 and again in 
1895, on which occasion he was in the “‘ status epilepticus ” for 
several days. He had at this time no signs of organic disease. 
After his discharge in 1895 he slowly became stiff in all four 
limbs, and became unable to walk, and his mental state became 
dull. When admitted in 1897 he presented as a typical case of 
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generalised rigidity. Mental state, semi-idiotic ; mask-like face ; 
optic atrophy ; no strabismus nor nystagmus. All the limbs were 
very rigid, but there was no great loss of power. Double foot 
clonus. Knee, wrist, and elbow-jerks very much increased. The 
fits were very slight, general convulsive attacks lasting about half 
a minute. 


Freud has suggested that the same morbid process to 
which cerebral diplegia is attributable may, when present in 
slight degree, be the cause of idiopathic epilepsy. In this 
case it is presumable that the functional changes in the 
cortical cells, expressing themselves in periodic epileptiform 
discharges, in the course of time were followed by structural 
degenerative changes, producing the clinical picture of 
cerebral generalised rigidity. 

Since epilepsy is held to be a disease of the cortical neu- 
rons, it may be justly inferred that the pathological process 
giving rise to the generalised rigidity was the same in this 
case as was found by Dr. Russell in Cases 1 and 2, 7.e., slow 
degeneration of the cortical neurons. 


Case 7. Generalised Rigidity occurring in an Adult. 


A. B., aged 28 years, was admitted into the National Hospital, 
under the care of Dr. Tooth, on March 17, 1899, complaining of 
stiffness *‘ all over,’’ slowness in the execution of all movements, 
and “‘ trembling of the eyes.’””’ The symptoms had come on grad- 
ually and progressively during the last three years. 

He was an only child. There was no history of nervous 
disease in his family, who were very healthy people. There was 
nothing in the history to suggest that he had been the subject of 
hereditary syphilis. 

Up to the commencement of this illness he had never ailed for 
a day, with the exception of measles in childhood and a slight 
attack of influenza in 1892. He denied syphilis, and also expo- 
sure, and his habits were abstemious as regards alcohol. He had 
been employed as a gardener, and had worked a good deal under 
glass. He had had no injury of any sort. 

The history of the illness was as follows :— 

In March, 1896, he noticed pain and numbness in the legs, 
which felt weak when he walked upstairs. He also noticed at 
this time that when his hands remained still for some time, as, for 
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instance, on waking in the morning or after walking with his 
hands in his pockets, that they became stiff and numb--a condi- 
tion which passed off in a few minutes if he moved them vigor- 
ously. He did not notice anything wrong with the hands when 
he was at work. Two months later he noticed stiffness of the 
face, and his friends told him that his eyes trembled (spontaneous 
nystagmus). For the next eighteen months the stiffness spread 
slowly all over the body, and his limbs became weaker. At the 
end of this time he became much worse in the course of a few 
weeks, and he became unable to loose his hold upon objects when 
he had grasped them. The face, neck, trunk, and the four 
extremities were at this time very rigid, and the rigidity was not 
lessened by active or passive movements. All movements became 
slow, and he had to give up work. The left limbs were more 
severely affected than the right, and he dragged the left foot in 
walking. He felt his face stiff in laughing, ard had difficulty in 
swallowing. For the last year his condition has been improving 
very slightly. 

His general health throughout the illness had been good. He 
complained at times of severe pain in the left shoulder and hips ; 
referable to the condition of left hemiparesis. He had had no 
pyrexia, and no fit of any sort, nor had he had any other symp- 
tom referable to any toxic agent. 

On admission he was a sparsely nourished, sallow-com- 
plexioned man. His appearance was remarkable. He had a 
dull mask-like unvarying expression, resembling that of Parkin- 
son’s disease, with a marked convergent strabismus and incessant 
spontaneous lateral and rotatory nystagmus. As he stood, all 
the visible muscles of the body showed fibrillary twitchings. 
The head was carried stiffly and bent forward on to the chest. 
He could get about with some difficulty, and could feed himself 
slowly, but he could not dress himself. He felt perfectly well in 
himself. 

He was a very intelligent man, and his memory was good. 
His speech was monotonous, and he moved his jaw and his lips 
very little when he spoke. He said that since his illness his 
voice had quite altered. The special senses and optic discs were 
normal. The pupils were equal and reacted normally. There 
was an old convergent strabismus, the left eye being at fault, 
dating from measles in infancy. 

With the exception of the nystagmus and the stiffness and 
slowness of movement of the face and jaws, the cranial nerves 


were normal. 
VOL. XXII. 26 
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The neck was very rigid, and the sternomastoids stood out 
in strong spasm, causing the neck to appear much broader than 
natural. Movements of the head upon the trunk were stiff and 
slow. ‘ 

All the muscles of the trunk were hard and board-like to the 
touch, and movements were stiff and slow. He could not get 
up out of a low chair without assistance. Respiratory move- 
ments seemed somewhat confined in range, but were otherwise 
normal. 

The muscles of the upper extremities were small and hard, 
but there was no localised wasting. There was great rigidity at 
all joints. The terminal phalanges of the fingers were sharply 
flexed on the second phalanges, and semi-flexed at the other 
joints. The left arm was carried pressed into the side with the 
elbow flexed to a right angle (the position common in hemiplegia). 
All movements were performed stiffly and slowly, but with con- 
siderable power ; but when he grasped an object he was unable 
to relax his grasp for some considerable time and after much 
evidence of effort. Having flexed either elbow forcibly, he was 
entirely unable to extend it for some seconds, and having 
extended was unable to flex for a similar period. 

He complained of considerable pain on passive movement in 
the left shoulder. 

Both lower extremities were stiff at all joints, and movement 
was slow, but all movements could be performed with some 
power. There was the same difficulty with the relaxation after 
effort as was seen on the upper limbs. The left leg was through- 
out weaker and stiffer than the right. He walked stiffly with 
small steps, and dragged the left foot. There was no prepon- 
derating flexor or adductor spasm. 

The electrical reactions of the muscles of limbs, trunk, and 
face were normal. 

Sensation was unimpaired. The lightest touches and pricks 
were everywhere felt and localised accurately. The temperature 
sense was normal. The sense of position was acute. The 
sphincters were not affected. He perspired profusely, especially 
on the limbs. The knee-jerks were very brisk. Foot clonus 
could not be obtained, probably owing to the rigidity. The 
phantar reflex showed a marked extensor response on either 
side. 

The cranium and spine were normal, and the thoracic and 
abdominal viscera presented no peculiarities. He was treated 
with hot alkaline baths, massage, passive movements, and 
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Kepler’s extract, and the slowness of movement improved 
slightly during his stay of four months in the hospital. 

This case presents all the typical signs of cerebral gener- 
alised rigidity, with the exception of intellectual impairment. 
Very few cases of cerebral diplegia occurring in adult life 
have been recorded. The clinical resemblance between the 
case and the preceding cases of generalised rigidity is very 
striking, and the disparity in severity of the symptoms and 
as regards intellectual impairment becomes less if it be taken 
into consideration that the incidence of the disease in the 
children was upon a functionally non-developed nervous 
system, and in this case upon a nervous system at the height 
of its functional activity. The spontaneous nystagmus, mask- 
like expression, altered voice and dysphagia were indicative 
of loss of the action of cortical centres upon the nuclei of 
the cranial nerves, and are spastic signs in the region of the 
cranial nerves comparable with, and of like significance to, 
rigidity and increase of the deep reflexes in the limbs. 

The case bears a certain resemblance to one of paralysis 
agitans in the expression, alteration of voice, rigidity of the 
trunk, and slowness of movement. 

The latter disease is, in all probability, a cerebral diplegia 
of a special type. 

I submit that this case was one of slow degeneration of 
the cortical neurons of the central convolutions. 

Weill has recently published a remarkable case of diplegia 
generalised rigidity, in which rhythmic tremor of the hands 
and forearms, exactly resembling those of Parkinson’s 
disease, appeared. A healthy girl, aged 10} years, was 
seized with violent cephalagia, followed a fortnight later by 
complete paralysis of all the limbs. A month later she 
began to improve, and her resulting state was as follows :— 
Intelligence perfect. Mask-like face. Parkinson’s attitude. 
Generalised rigidity. Rhythmic tremor of forearms and 
hands. Right-sided hemiparesis. Right talipes equino- 
varus. Athetotic movements of feet. Subjective sensation 
of heat in the limbs. 

Weill states that cases clinically correcting cerebral 
diplegia and Parkinson’s disease occur. 
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Part IIl.— An Account oF CEREBRAL DIPLEGIA. 


The clinical picture of cerebral diplegia was first recorded 
by Andry in 1741. Delpech, in 1828, described a case, but 
it was not until 1853 that general attention was called to 
this clinical group by Little, to whose accurate clinical 
descriptions of both the generalised and paraplegic forms 
there has remained little to be added. He associated choreic 
types and bilateral athetosis with diplegia. He drew atten- 
tion to the close connection of these cases with premature 
and difficult birth and with asphyxia neonatorum. The 
name “ Little’s disease,’’ was suggested by Rupprecht in 
1888, and has since been generally used for all forms of 
infantile cerebral diplegia. Recently an attempt has been 
made by van Gehuchten and Brissaud to confine the name, 
“* Little’s disease,” to paraplegic forms of diplegia, o1 the 
ground that this syndrome, first described by Little, is a 
separate entity from other forms of diplegia, and that it has 
a special etiology and clinical aspect. Heine, in 1860, 
described cases under the name of cerebral spastic para- 
plegia. Erb, in 1877, considered the paraplegic forms to 
be of spinal origin, using the term, “‘tabes dorsale spas- 
modique.” Ross pointed out the cerebral origin of purely 
paraplegic forms in 1885. 

In 1884 Strumpell aroused great interest in the patho- 
logy of the disease by his description of acute polio-encephal- 
itis. Though Strumpell’s acute encephalitis has fallen to 
the ground as the initial lesion in cerebral diplegia, the 
attention and controversy aroused by his work have been 
of great importance in furthering our knowledge of the 
morbid anatomy of the disease. The pathological condition 
he described in his cases has been found connected with a 
special symptomatology, and the disease, acute non-suppura- 
tive encephalitis, has been placed upon a firm basis. 

In 1882 a valuable contribution to the pathology of the 
disease was made by Kundrat in his work on porencephaly. 

The literature of the subject during recent years has been 
very extensive. The most important summaries are mono- 
graphs by Andry on porencephaly, in 1888, and on choreic 
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forms, in 1892; by Lannois, in 1893; by Rosenthal (with 
bibliography), in 1893; an exhaustive treatise upon infantile 
cerebral paralysis, with a complete bibliography by Freud, 
in 1897, and the article by Sachs in his “‘ Treatise on the 
Nervous Diseases of Children,’ 1895. 

Recent contributions to the pathology of the disease 
have been made by B. Sachs, Hirsch, Kingdon and Russell, 
van Gehuchten, and Massalongo. 


The Clinical Types of Cerebral Diplegia. 


Infantile diplegia is separated both etiologically and 
clinically from infantile hemiplegia, though in rare cases the 
two conditions may co-exist. Aitiologically, the diplegias 
are for the most part congenitally determined diseases, the 
hemiplegias for the most part acquired diseases. In diplegia 
rigidity or perverse movement preponderates over paralysis, 
and dominates the clinical picture, while, in hemiplegia, 
paralysis dominates the clinical picture, and the rigidity is 
secondary to the paralysis. The preponderance of the affec- 
tion of the arm, which is the rule in infantile hemiplegia, is 
scarcely ever present in diplegia. In accordance with these 
facts, the sharp distinction between cerebral diplegia in its 
generalised form and bilateral spastic hemiplegia, which is 
laid down by French and German authors, is justifiable and 
clinically useful. While it is impossible to distinguish clinic- 
ally between the most severe forms of generalised rigidity 
and bilateral spastic hemiplegia, where the paralysis is com- 
plete, in the majority of cases the distinction is quite easy. 
For the purpose of this distinction it is perhaps useful to 
retain bilateral spastic hemiplegia in a classification of the 
clinical types of cerebral diplegia. A clinical classification 
of the forms of cerebral diplegia is the only one of any value. 
The disease forms at present a clinical and not a pathological 
entity, and its type is determined by other than the hitherto 
discovered morbid anatomical factors. It has been up to the 
present time impossible to determine from the post-mortem 
appearances whether the clinical aspect of a given case had 
been one of generalised rigidity, or paraplegic rigidity, or 
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bilateral athetosis, or of choreic diplegia. A classification 
based upon morbid anatomy is, therefore, impossible. On 
account of the obscurity of the wtiology and the diverse 
opinions held by authorities concerning the origin of the 
disease, a classification on etiological grounds is at present 
impossible. 

The classification here adopted follows that of Rosenthal : 

(1) Generalised rigidity. 

(2) Paraplegic rigidity. 

(3) Bilateral spastic hemiplegia. 

(4) Bilateral athetosis. 

(5) Choreiform diplegia (congenital chorea).' 

(6) Atypical forms (slight generalised rigidity with pro- 
found mental changes). 

With the exception of bilateral spastic hemiplegia every 
form of transition between the other five types is met with, 
and many varieties of combinations of these types. 

The following table shows the relative frequency of the 
clinical types as observed by Rosenthal, Sachs, and Petersen, 
and in the cases I have seen in the wards of the National 
Hospital :— 


Sachsand /|Cases in National 
Rosenthal. | ‘Petersen. | Hospital, 1898-9. 


53 cases. | 69 cases. 23 cases. 


Generalised Rigidity 

Paraplegic Rigidity “ os 
Bilateral Spastic Hemiplegia .. 
Bilateral Athetosis . os 
Choreiform Diplegia 

Atypical Mental forms . 


Clinical Aitiological Factors. 


Of the recorded cases of cerebral diplegia 66 per cent. 
show some definite clinical antecedent apparently in causal 


' Rosenthal uses the term *‘ chorée generalisée” for this type which has 
hitherto been called “congenital chorea” by English writers. As these 
terms do not suggest the intimate connection of this condition with the other 

s of diplegia, and as both are somewhat inaccurate siuce the so-called 
choreic movements are, as a rule, not generalised, and the cases not always 
congenital, I venture to submit the term choreiform diplegia for this type as 
being a convenient one. 
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relation with the disease, while in 33 per cent. this is entirely 
wanting. 

The attributed etiological factors are here summarised :— 

(1) Maternal pathological states during pregnancy: 
general ill-health, syphilis, specific fevers, eclampsia, patho- 
logical psychic states, and injury to the abdomen. 

(2) Abnormalities of birth: premature birth, birth in- 
juries, prolonged labour, precipitate labour, asphyxia neo- 
natorum. 

(3) Heredity, and consanguinity of parents. 

(4) Post natal pathological conditions: Acute infectious 
diseases and acute fevers, vascular lesions, epilepsy, acute 
encephalitis. 

It is essential to bear in mind in the consideration of 
these attributed causes that more than one of these factors 
may be present in a given case, and that it is probable that 
many of the abnormalities of birth stand not in causal rela- 
tion with the disease, but as concomitant effects of a morbid 
maternal state. It is certain also that some of the post- 
natal factors are immediate precipitating factors, bringing 
into evidence a congenitally installed disease. 


Maternal Pathological Conditions. 


A history of ill-health of the mother during pregnancy is 
common in cases of diplegia. The mother often volunteers 
the statement that while she was perfectly well and strong 
during her other pregnancies, her health failed completely 
during the carriage of the child afflicted with diplegia. Over- 
work and privation sometimes account for this failure of 
health. Several recorded cases give this history that a 
woman after bearing healthy children suffers with symptoms 
which may be described as those of chronic neurasthenia. 
She then gives birth to a child afflicted with diplegia, and 
her subsequent pregnancies end in still-births. (Vide cases 
3 and 4.) This seems to show a gradual failure in the 
physiological process of generation. In support of this sug- 
gestion it has been pointed out by most authors who have 
written on the subject that the youngest members of large 
families are especially prone to suffer. 
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In some cases a pathological psychic state of the mother 
during the time of pregnancy has been noted. Acute diseases 
and acute specific fevers occurring during pregnancy are of 
great importance as etiological factors in this disease. I 
have twice obtained a history of eclampsia not followed by 
premature birth in cases of paraplegic rigidity, and in one of 
these cases the eclampsia followed an attack of scarlet fever. 

Syphilis is a most important and by far the most common 
maternal disease standing as a causal antecedent to cerebral 
diplegia. Many cases have been recorded by Gasne, Gaudard, 
Gee, Moncorvo, De Amicis, Jendrassik, Marie, Haushalter, 
Fournier, and others. Brissaud considers syphilis only a 
factor in that it causes premature birth, and he considers 
diplegia to be the result of premature birth. With more 
justice Gasne argues that premature birth should be ignored 
as a factor, and he considers that syphilis or some other 
toxic process is responsible for the production of diplegia 
and of premature birth in cases where these are associated. 

The percentage, however, of cases of diplegia in which a 
history of parental syphilis is obtained is small. Freud con- 
siders that this small percentage is due to the fact that so 
many children infected with syphilis are still-born. 

In connection with the pathology of meningeal hemor- 
rhage attention will be drawn again to syphilis as a cause of 
diplegia. 

Tubercular disease of a severe nature was present during 
pregnancy in cases reported by Levi-Sirigue and Haushalter. 

Injury to the foetal head in utero must be here mentioned 
as a possible factor. Such injury has been proved in some 
cases of infantile hemiplegia. Gibb, quoted by MacNutt, 
reports a case of intra-uterine hemiplegic atrophy, with 
contracture, in a still-born child. A meningeal hemor- 
rhage was found accounting for the condition. As a factor 
of meningeal hemorrhage trauma to the foetal head in utero 
may be a cause of diplegia. 

It has been repeatedly observed that where one child of a 
family is afflicted with diplegia, the mortality among the 
other children is remarkable, and premature birth is com- 
mon. (Freud, Graef, and Little.) 
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Abnormalities of Birth. 


Premature birth occurs very frequently in association 
with all forms of diplegia, and most often in connection 
with paraplegic rigidity, and it has been considered a factor 
in the production of the disease by many writers. Van 
Gehuchten, Marie, and Brissaud consider that an arrest 
of development of the pyramidal tracts in the spinal cord 
occurs as a result of the premature birth and that this is 
due to post-natal claims upon nutritive functions, rigidity 
ensuing from the unrestrained action of spinal centres. 
Since the pyramidal tract has only reached the medulla at 
the seventh month of foetal life, according to these authorities 
premature birth at that time will cause generalised rigidity. 
At the eighth month the pyramidal tract has reached the 
dorsal region, therefore premature birth at that time pro- 
duces paraplegic rigidity. After birth some slow renewal of 
the arrested growth of the pyramidal system occurs; there- 
fore these cases tend to improve. Van Gehuchten’s theory 
does not accord well with pathological and clinical facts, and 
the very arguments he uses to advance this theory, which is 
based on no pathological evidence, prove fatal to it. Diplegia 
occurs only in an immense minority of prematurely born 
children ; it is frequently unassociated with premature birth, 
and frequently is of post-natal onset. There is proof that 
tracts in the central nervous system develop normally after 
birth, for instance, the cerebral association systems. The 
pyramidal system is not completely myelinated at full term. 
The recorded autopsies upon cases of paraplegic rigidity, 
for example, those of Forster and Sachs, have revealed gross 
cerebral lesions. That cases of paraplegic rigidity tend as 
a rule to improve is certainly not the experience of most 
observers. The arguments against this theory may be 
multiplied almost indefinitely if the history and clinical facts 
of cases of paraplegic rigidity be considered from the stand- 
point of van Gehuchten’s theory of the pathology of the 
disease. 

The balance of the evidence on record is in favour of the 
opinion held by Gasne, Marfan, and Freud—that premature 
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birth does not stand in causal relation with diplegia, but is a 
concomitant effect of the morbid process in which diplegia 
has its origin. 

Birth injuries have been placed in a very prominent 
position among the clinical antecedents of cerebral diplegia 
ever since Little drew attention to the association, and the 
clinical type—generalised rigidity—has been made depen- 
dant upon birth injuries. This view was strongly upheld by 
Gowers, and has been followed by Marfan and Raymond, 
and recently by Taylor. 

The association of precipitate birth, prolonged birth, 
instrumental birth, and asphyxia neonatorum with diplegia, 
especially with the type generalised rigidity, is very common. 
This association was present in 72 per cent. of Rosenthal’s 
cases. 

Kundrat believes that precipitate labour is equally potent 
to produce diplegia as is prolonged labour and asphyxia 
neonatorum, and Tyler Smith considered that the absence 
of gradual adaptation of the foetal head to the pressure 
exercised upon it by the parturient canal and the rapid 
alterations of that pressure during parturition gave rise to 
meningeal hemorrhage. Difficult and prolonged birth are 
considered to produce meningeal hemorrhages by causing 
undue lapping over of the parietal bones along the sagittal 
suture and rupture of the veins emptying into the superior 
longitudinal sinus (Virchow and Weber). This lapping 
takes place to a greater extent when the head is after 
coming, and therefore diplegia is more frequently associated 
with breech presentations than vertex presentations. The 
meningeal hemorrhage from this cause will be bilateral, and 
will affect the paracentral lobule first and most; this 
explains the preponderating affection of the legs in many 
cases, and the bilateral symmetry of the disease. The 
gradual tailing off of the meningeal hemorrhage across the 
central convolutions towards the Sylvian fossa is responsible 
for slighter affection of the upper limbs, and still more slight 
affection of the face. The larger size of the foetal head in 
male children and consequent greater compression in labour 
has been brought forward by James Taylor as an explana- 
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tion of the preponderance of males in his statistics of cases 
of diplegia. 

Asphyxia neonatorum is considered to be an important 
agent in producing meningeal hemorrhage, and from that 
cerebral diplegia. Little has pointed out that most infants 
presenting asphyxia at birth are not affected. Direct injury 
to the brain or meninges from the pressure of the forceps 
has not been shown in any recorded case of diplegia. 

There are very great difficulties standing in the way of 
the general acceptance of birth injuries and meningeal 
hemorrhage as causal factors in the production of diplegia, 
notwithstanding their frequent association. The import- 
ance of these conditions as factors has probably been 
greatly over-estimated. The pathological objections are 
serious and will be detailed in that part of this communica- 
tion dealing with the pathology of diplegia. 

Clinically this explanation of the etiology is insufficient. 
It does not account for cases associated with birth difficulties 
where the symptoms of diplegia do not appear till some 
months after birth, nor for the so-called acquired cases. In 
28 per cent. of Rosenthal’s cases there was no abnormality 
of birth or asphyxia. Of three cases of diplegia of the 
same clinical type occurring among the children of one 
mother one case was associated with difficult labour and 
asphyxia neonatorum, and would have served the sup- 
porters of this view as a typical case of meningeal hemor- 
rhage producing diplegia. The other cases, however, showed 
no abnormality of birth. In one the symptoms appeared at 
birth and in the other at seven months of age (Feer). 

A somewhat similar history occurred in my cases 3 and 
4. The bearing of such cases upon the acceptance of this 
explanation is obvious. 

Ganghofner and Freud are the chief opponents to the 
origin of cerebral diplegia in meningeal hemorrhage, and 
the latter points out that severe injuries to the foetal head 
are often without effect in producing diplegia, and that 
cases are probably congenital in spite of Little’s factor. He 
says: “‘ Difficult birth and asphyxia neonatorum are them- 
selves only symptoms of deeper lying influences which have 











aay 


404 ORIGINAL ARTICLES AND CLINICAL CASES 


dominated the development of the foetus or the organism 
of the mother.” 
Consanguinity of the parents has been recorded in cases 
of cerebral diplegia by Brissaud, Haushalter and Dejerine. 
Oppenheim reports a case where a mother and her 
daughter were similarly affected with cerebral diplegia. 


Post-natal Aitiological Conditions. 


In the consideration of cases of cerebral diplegia arising 
after birth, stress must be laid upon the fact that the post- 
natal appearance of symptoms of disease is no proof that the 
disease was not congenitally determined. The possibility 
of an acute disease immediately preceding the onset of 
symptoms being in some cases only an immediate exciting 
cause bringing into evidence a latent pathological condition, 
must also be borne in mind. 

Most cases of post-natal cerebral diplegia do not follow 
any known acute disease. Cases have been reported in 
which the onset of symptoms directly followed the occur- 
rence of the following acute diseases :—gastro-enteritis 
(Marfan, Massalongo, Rissler), scarlet fever, measles, 
mumps, pneumonia, acute rheumatism, typhoid (Massa- 
longo), diphtheria (Massalongo), and influenza (Massalongo). 

The onset of cerebral diplegia with acute febrile 
symptoms was attributed by Strumpell to acute polio- 
encephalitis. This assumption has not been confirmed by 
subsequent investigations. More recently Massalongo has 
brought forward acute toxic meningo-encephalitis as a cause 
of these symptoms. 

Symptoms pointing to vascular lesions, thrombosis and 
embolism and hemorrhage may occasionally precede the 
syndrome of diplegia. Undoubted cases of multiple embo- 
lisms have been recorded by Heubner and Abercrombie, and 
of thrombosis by Abercrombie and Angel Money. Gowers 
thinks that sinus thrombosis and thrombosis of the sur- 
face veins account for some of the cases, but this has 
only been demonstrated pathologically in one case of 
Abercrombie’s. In Ashby’s case the condition found after 
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death (multiple cysts), was considered to be the result of 
multiple hemorrhages. Sachs and Petersen consider that 
intra-cerebral hemorrhage is an important cause of acquired 
diplegia. 

Epilepsy of long standing may be followed by cerebral 
diplegia as in Case No. 6 here reported. 

Hydrocephalus occurs sometimes in association with 
cerebral diplegia, especially with paraplegic rigidity. The 
paraplegia is here referable to some localised pathological 
condition of the cortex which is not dependent upon the 
condition of ventricular distension. The latter frequently 
exists without any such symptoms. 


Summary. 


One-third of the recorded cases of cerebral diplegia are 
without known clinical antecedents. 

Maternal morbid states are probably by far the most 
important clinical antecedents, and such states have pro- 
bably existed in many of the cases to which no definite 
cause can be assigned. 

Premature birth has probably no causal relation with 
diplegia. 

The causal relation of birth injuries and asphyxia 
neonatorum to this condition has been much over-esti- 
mated, and the absolute proof of it is as yet wanting, 
notwithstanding the frequency of the clinical association. 

Some cases certainly follow cerebral vascular lesions. 

Acute diseases sometimes precede the onset of symp- 
toms, but whether in all cases as the initial factor in 
disease, or in some cases only as an immediate exciting 
cause, has not been determined. 


Clinical Aspect. 


In the majority of cases of generalised rigidity and in 
athetotic and choreic diplegia, the s{mptoms date from birth. 
Often in slighter cases the symptoms are only manifested 
when the child begins to craw] about or to walk. The atten- 
tion of the parents may be drawn to the fact that something 
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is wrong with the child by its being backward in talking and 
mentally unlike other children, and examination may then 
reveal slight generalised or paraplegic rigidity. The nurse, in 
washing the child, is often the first to notice the unnatural 
stiffness of the limbs. In congenital athetotic and choreic 
forms, the symptoms become much more evident when the 
child begins to get about. In cases where the symptoms are 
noticed first some time after birth, a careful attention to the 
history of the case will generally reveal some abnormality 
of the child, indicating that the case was congenital, and 
separating it from cases of post-natal origin. Such symp- 
toms, as difficulty of swallowing, strabismus, nystagmus, 
slight perverse movements (choreic and athetotic), slight 
rigidity, the regular assumption of an unnatyral attitude, 
and pes cavus, are likely to be noticed by those who tend 
the infant, and are of great value in that they may be the 
earliest signs of disease to attract attention. 

In post-natal cases the disease is often ushered in by a 
group of symptoms resembling the prodromal symptoms of 
acute anterior poliomyelitis, namely, malaise, anorexia, head- 
ache, slight fever, and sometimes vomiting. These symp- 
toms last from one to four days, after which the symptoms 
of diplegia gradually make their appearance. The onset of the 
disease is frequently with convulsions, either a single attack of 
convulsion or repeated attacks. In 37 per cent. of the cases 
collected by Freud, and in 50 per cent. of those of Rosenthal, 
the onset of the disease was marked by convulsions. After 
such convulsions the symptoms of diplegia may come on 
slowly, or may develop from a condition of general paresis 
of the limbs and trunk, which immediately follows the con- 
vulsive attack. Sometimes both convulsions and febrile 
symptoms, lasting a few days, occur at the commencement 
of the disease, and this has been more often noticed in cases 
of post-natal paraplegic rigidity. In other cases the onset is 
gradual, and is not accompanied either by convulsions or 
febrile symptoms, and it may be many weeks before the 
symptoms reach moderate intensity. Such chronic onsets 
sometimes date from some trauma to the head, often of a 
trifling nature. A slow onset without definite initial symp- 











































CEREBRAL DIPLEGIA 407 


toms is the rule in the few reported cases commencing after 
childhood. 

The course of the disease, speaking generally of all types, 
may be either regularly progressive, or the symptoms, having 
reached a certain degree of intensity, may either remain 
stationary or tend to some slight amelioration. In severe 
cases of generalised rigidity, and in most athetotic forms, a 
progressive course is the rule, and very few patients so 
afflicted reach adult life. In the familial variety of gene- 
ralised rigidity described by Waren Tay, Sachs, Kingdon, 
and Russell, the disease is always rapidly progressive to a 
fatal termination. 

A tendency to amelioration is sometimes seen in cases of 
slight generalised rigidity and in cases of paraplegic rigidity, 
but in even the slightest cases the amount of improvement 
is not great, and the symptoms never entirely disappear. 

Between the several types of cerebral diplegia there exists 
every variety of transitional form and combination. 

The clinical picture of cerebral diplegia, in all its forms, 
presents a combination in varying degrees of certain charac- 
teristic symptoms; always bilaterally represented, though 
often more severe upon one side of the body than the other. 
These symptoms are :—Muscular rigidity, paresis, perverse 
movements, contractures, and increased deep reflexes. 

To these symptoms, notwithstanding the opinions of 
van Gehuchten, Marie, and Brissaud, should be added 
mental deficiency, evidence of which, I think, can be 
obtained in almost all cases. In their attempt to separate 
off congenital paraplegic rigidity as a distinct clinical and 
pathological entity, and to confine to that entity the term 
‘‘ Little’s disease,’ these authorities lay stress upon the 
absence of mental symptoms in paraplegic rigidity. Slight 
cases of paraplegic rigidity on reaching puberty always show 
the poorest intellectual capacity, and from this level of 
mental deficiency there is every gradation downwards to 
complete idiocy to be found among such -cases. 

The appearance of those suffering with this disease has 
been described by Shakespear in Richard III., Acti., Scene 1, 
and by Sir Walter Scott in ‘‘ The Pirate’ (Nick Strumpfer 
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the dwarf), and Raphael has painted the picture of the 
disease in his “‘ Transfiguration ’’ (Lannois, Ross, Freud). 


Generalised Rigidity. 
(Gr. Allgemeine cerebrale starre; Fr. Rigidité generalisée.) 


As its name implies the chief characteristic of this type 
of diplegia is a condition of muscular rigidity associated 
with weakness, affecting to a greater or less extent all the 
muscles of the body. Except in the most severe cases 
where the weakness amounts to complete paralysis there 
is more rigidity than weakness. In some cases it is 
astonishing that there should be so much power in the 
presence of such a degree of rigidity. The distribution 
of the rigidity and weakness is generally that the lower 
extremities are most affected, the upper to a less degree 
and the facial region still less. In a few cases (Rosenthal 
and Freud) the arms have been more affected than the legs. 
Paroxysmal exacerbations of the rigidity have been noticed 
by Money and Ganghofner. Movement is slow and clumsy, 
and often athetotic and choreic movements are present in the 
limbs. If the patient is able to walk, the gait is digitigrade 
from contracture of the calf muscles. The knees are slightly 
flexed from contracture of the hamstrings. The thighs are 
rotated inwards and the knees pressed close together, rubbing 
against one another with each projection of the limb. More 
severe adductor spasm gives rise commonly to the “ cross 
legged ’’ progression. 

The assumption of the sitting position is impossible in 
marked cases. When such a patient is placed in a chair 
the legs stand out stiffly, and the child will not fit the chair, 
owing to the rigidity preventing the necessary flexion at the 
junction of the lower extremities with the trunk ; he tends 
therefore to slide off. In the most severe cases the patient 
lies in a log-like fashion, unable to move or turn in bed, and 
then the rigidity may reach such a degree that he may be 
lifted by the heels in one rigid piece, the weight of the body 
being supported on the back of the head. In this stage, 
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owing to muscular contractures, certain characteristic atti- 
tudes are assumed which will be described later on. 

After this brief, general description, it remains to discuss 
the symptoms in detail. 


Mental Symptoms. 


Every degree of mental impairment is met with in these 
cases, from slight mental dulness to complete amentia. As 
a rule the average degree of mental impairment is more 
profound than in the other types of diplegia. It, however, 
does not always correspond to the severity of the rigidity and 
paralysis. The most profound mental deficiency may exist 
in cases where the rigidity and paralysis are quite slight 
and vice versé. This corresponds with the greater or less 
affection of the pre-frontal lobes. The amount of mental 
impairment must not be estimated from the facial expression, 
as conditions of facial over-action and rigidity, perverse 
mimetic or athetoid movements of the face may lead to an 
opinion that there is much greater mental impairment than 
exists in reality. The mental state is, as a rule, placid. 
Some of the slighter cases are irritable, mischievous and 
passionate. 


Speech Defects. 


In congenital cases, and in cases occurring before the 
eighteenth month, speech may never be acquired, or may be 
much delayed, and when acquired is often imperfect. A 
patient of Dr. Bastian’s, recently in the National Hospital, 
began to utter articulate sounds for the first time at nine 
years of age. Articulation is imperfect, slowness of speech 
with great facial over-action, slurring and stammering often 
occurs. According to Ganghofner, 59 per cent. of cases of 
diplegia (all types) show marked speech defects. When the 
disease arises after speech is learnt it is generally completely 
lost if the child be younger than six years of age, and if the 
case be at all severe. The loss of speech may be quite 
gradual, and where some intelligence persists the under- 
standing of words may remain in patients who can utter no 
VOL. XXII. 27 
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articulate sound. This was certainly ascertained in two of 
the cases recorded here (Cases 3 and 4). 

Under this heading I may mention the curious and 
characteristic manner in which children affected with severe 
generalised rigidity cry. They give vent to a series of 
hoarse prolonged roars very unlike the screaming, sobbing 
and broken respiration of a normal child. This peculiarity 
has been present in all the cases of generalised rigidity in 
children that I have observed, notwithstanding that in some 
of them a moderate degree of intelligence was preserved. 


Convulsions. 


With this type of cerebral diplegia convulsive attacks 
are more commonly associated than with the other types, 
choreic diplegia and bilateral spastic hemiplegia being 
excepted. They occur in rather more than half the cases 
(Rosenthal). 

In 50 per cent. of the cases presenting a history of con- 
vulsions, several attacks of convulsions occurred and in 
25 per cent a regular epilepsy became established or 12°5 
per cent. of all cases (Rosenthal). It may then be stated 
that epilepsy is not of usual occurrence in cases of 
generalised rigidity. It is interesting to compare both the 
initial convulsions ushering in the symptoms in undoubted 
prenatally installed cases and the subsequent infrequent 
convulsive attacks to the convulsive seizures occurring in 
cases of general paralysis of the insane. I would here 
suggest the possibility that such attacks may have their 
origin in the same morbid physiological process in the two 
diseases. 

In cerebral diplegia convulsive attacks have no con- 
nection whatever with a traumatic origin of the disease. 
Nor do they bear relation for the most part with the severity 
of the other symptoms. Osler states that in cases of slight 
diplegia every symptom may disappear except the epilepsy. 


Special Senses. 


Primary optic atrophy occurs in a considerable number 
of cases. Of seventy-two cases observed by Koenig, twelve 
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presented marked optic atrophy, and in two of the cases 
it was unilateral. It may produce complete blindness. In 
the familial type of generalised rigidity of Waren Tay, and 
Sachs, a peculiar form of degeneration of the retina was 
found in all cases. In these cases a whitish-grey oval patch 
was seen almost twice the size of the optic disc, with 
softened edges and with its long axis lying horizontally, 
very slightly raised above the general surface of the retina. 
‘The fovea centralis was seen as a cherry-red spot in the 
centre of this area. Holden found this appearance due to 
primary degeneration of the ganglia cells of the retina. 
Waren Tay observed slight optic neuritis in one of these 
cases. In all these cases marked optic atrophy appeared, 
and in time produced complete amaurosis. Attention has 
also been drawn to optic atrophy by Feer, Moeli, Freud 
and Koenigsbeer. 


Cranial Nerves. 


Inequality of the pupils and slowness of the light 
reaction are not uncommon. Spontaneous nystagmus of 
very wide range is common in cases where the face is 
markedly affected. It is to be regarded as the spastic ocular 
sign analagous to the rigidity elsewhere, and produced in 
the same manner (Osler, Sachs, Koenig, Freud, Rosenthal). 

Convergent strabismus occurs in about 30 per cent. of 
the cases (Freud). Rosenthal considers that this symptom 
is produced by a concomitant lesion in the region of 
the third nerve nucleus, but this conception rests upon no 
pathological evidence. 

In nearly all cases the face shows signs of paresis and 
rigidity. With slight involvement of the face this may be 
shown by a general loss of emotional expression, slight 
retraction of the eyelids and some retraction of the angles of 
the mouth. With more severe involvement of the face an 
unvarying starched expression with wide palpebral apertures 
and a large open mouth (bouche en cur) are present. The 
facial aspect then resembles strongly that of paralysis 
agitans. Slobbering is common. In some cases involun- 
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tary facial overaction is present and gives rise to varying 
grimaces on attempts to move the face or on speaking. 
Athetoid movements of the face are not rarely seen. 

The tongue is often very large and the hard palate very 
much arched. The presence of adenoid vegetations in the 
pharynx is frequently noticed. 

Difficulty of swallowing is present in the large majority 
of cases, though it may be slight. On watching the act of 
deglutition in these cases the difficulty seems due to rigidity 
of the muscular apparatus rather than to any paralysis. 
Little was the first to observe dysphagia in this disease. 
Recently Koenig has stated that slight bulbar symptoms are 
always present, and this may be said to hold good for all 
the types of diplegia. Cases with severe difficulty in 
swallowing have been described by Oppenheim under the 
name of “‘ infantile pseudo-bulbar paralysis.”’ 

There may be difficulty with protrusion of the tongue 
and this organ usually shares in the facial athetosis, if this 
is present. 

Laryngeal difficulties, dysphonia, stridor, &c., have been 
noticed by Levi-Sirigue. 


Conformity of the Skuil. 


In congenital cases microcephaly is generally present 
(25 per cent. of all cases, Rosenthal). Signs of hydro- 
cephalus are present in some cases. Asymmetry and 
flattening of the region of the central convulsions are 
common (Fischer and Peterson). In a case of slight 
generalised rigidity with profound mental changes I have 
noticed the frontal region small and flat disproportionately 
to the rest of the skull. In another case under my care of 
slight generalised rigidity, where speech was retarded till the 
ninth year, great flattening of the left frontal region and of 
the right cerebellar region was present. In a few cases a 
defect in the skull in the central region through which the 
brain could be felt to pulsate has been found. 

Autopsies upon such cases have shown a porencephalic 
defect underlying the hole in the skull (Ross and Meschide). 
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Attitude. 


In the more severe cases characteristic attitudes are 
assumed. The head may be rigidly retracted, but more 
commonly the chin is pressed down upon chest. Torticollis 
has been noticed in two cases by Rosenthal. In a case at 
present in the National Hospital, under the care of Dr. 
Beevor, the onset of the disease occurred at 12 years of age 
with convulsions and fever. A week later torticollis was 
noticed, which became severe in three months and then 
gradually lessened, but was still evident eighteen months 
later. The case was a combination of slight generalised 
rigidity with severe paraplegia rigidity. 

The spinal column generally shows kyphosis, sometimes 
lordosis, and often scoliosis. 

The cases presenting lordosis usually have head retrac- 
tion, and those with kyphosis a flexed position of the head. 

Several characteristic attitudes have been described and 
named, and these occur with sufficient frequency to deserve 
special note. 

(1) The Cramped Attitude (Freud).—The head and trunk 
are bent forward. There is kyphosis. The elbows are 
pressed into the sides and the forearms crossed on the chest 
in contracture. There is contracture in the fully flexed 
position at hip and knee joints. The position has been 
described by Freud as that in which the patient occupies 
the least possible space. 

(2) The Attitude of Adoration (Freud).—The head is 
retracted and the eyes are staring. There is lordosis. The 
elbows are pressed into the sides and the hands are held 
supinated below the face. The legs are rigidly extended. 

(3) The Extension-supination Position.—The limbs are 
rigidly extended and the forearms are fully supinated. More 
rarely extreme pronation is associated with the extended 
position of the limbs. 


Pes cavus is present in most of the cases. Some cases 
show a condition of talipes equino-varus. Genu recurvatum 
sometimes occurs. 

The mode of progression in these cases where any is 
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possible is characteristic. Little compared the gait to that 
of the tardigrade animals. The ‘ cross-legged”’ progression 
is so well known as to need no description here. Where 
the legs are so severely affected as to render walking im- 
possible while fair power remains in the upper limbs the 
patient may crawl along the ground with the upper limbs 
dragging the useless lower limbs and trunk. This has 
been termed by Freud the ‘ broken-backed’’ progression 
from its resemblance to the progression of a broken-backed 
rabbit. This last description applies more to the type to 
be later described as paraplegic rigidity than to generalised 
rigidity. 
Muscles. 


In some cases a curious hardness and resistant feeling 
of the affected muscles is present resembling a similar 
condition in pseudo-hypertrophic paralysis. If athetosis is 
associated with the rigidity there may be actual hyper- 
trophy of the muscles. 

In late stages of severe generalised rigidity the muscles 
are always wasted. . 

In the rapidly fatal cases of Waren Tay and Sachs, the 
muscles waste rapidly, although the normal responses to 
electrical stimulation are preserved, and there may be 
associated with this wasting complete flaccidity of the 
muscles. Fibrillary twitchings of the muscles are common, 
especially in adult cases. 


Perverse Movements. 


Under this heading must be classed the very constant 
maladroitness of movement present in these cases, the facial 
overaction and grimacing in speech and in mimetic expres- 
sion; choreic movements and athetotic movements and 
intention tremor. These forms of perverse movements are 
only present where the rigidity is slight. Athetotic move- 
ments sometimes are present in the face; choreic move- 
ments never. Not rarely choreic or athetotic movements 
are present in the upper extremities associated with slight 
rigidity, while severe rigidity affects the lower limbs. 
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Choreic movements may develop pari passu with the 
rigidity. A case of generalised rigidity may clear up for 
the most part leaving a choreic diplegia (Rosenthal). Athe- 
totic movements always appear at a later date than rigidity. 
Cases presenting either choreic or athetotic movements 
are said never to improve after such movements have made 
their appearance. 

Tremor precisely resembling that seen in disseminate 
sclerosis is sometimes seen in limbs where the rigidity is 
slight. Freud is of opinion that the so-called cases of dis- 
seminate sclerosis in children are in reality cases of diplegia. 
A case recently under the care of Dr. Hughlings Jackson at 
the National Hospital is interesting in this connection. A 
girl, after a severe attack of pneumonia at 7 years of age, 
slowly developed symptoms. On examination two years 
later she presented mental dulness, marked nystagmus, 
slight convergent strabismus, pallor of both optic discs, an 
expressionless face with slowness of articulation, marked 
intention tremor of the hands and spastic paraplegia, with 
slight rigidity of the upper limbs and increase of all the 
deep reflexes. The case presented as one of disseminate 
sclerosis. The symptoms agree equally well with the dia- 
gnosis of cerebral diplegia, and in addition to the above- 
mentioned signs this patient presented marked arrest of 
growth of the left side of the body,—face, arm and leg. 

Common sensation and the muscular sense are unim- 
paired in the cases where their accurate investigation is 
possible. 

In the severe cases there is very great pain on passive 
flexion of the rigid joints probably owing to the formation 
of rest adhesions. 

Trophic changes are confined to a stunting of growth, 
but this is not nearly so well marked in the diplegias as in 
infantile hemiplegia and in bilateral spastic hemiplegia. In 
diplegia the bilaterality of the distribution renders it difficult 
to estimate. 

The sphincters are unaffected. 

The deep reflexes are exaggerated, but are difficult to 
obtain in limbs which are very rigid, and for this reason foot 
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clonus is not generally obtained. Of the superficial reflexes 
those of the trunk are absent in marked cases. The plantar 
reflexes have, in the cases under my observation, always 
shown an extensor response, and in a recent communication 
I have laid stress on the connection between this form of 
plantar reflex and the presence of pes cavus. 

With the class of cerebral diplegia just described I would 
include the very characteristic group of cases brought into 
notice by Waren Tay, B. Sachs, Hirsch, Peterson, Kingdon 
and others, and recently described in detail by Kingdon and 
Risien Russell in ‘‘ Allbutt’s System of Medicine’ under the 
title of ‘‘ Infantile Cerebral Degeneration.” The symptoms 
of this disease are those of generalised rigidity, and but for 
the retinal change could not be distinguished. The same 
morbid changes which have been found constant in this 
disease have been found in recent cases of generalised 
rigidity ; in two cases here recorded by Risien Russell, by 
Mya and Levi, by Warda, and by Sachs. 

In the reported cases of this type the patients have all 
been Hebrews. The disease is familial. There have been 
no known clinical antecedents. Birth has always been 
natural and at full term. The patients are healthy up till 
between the third and sixth month when general weakness 
comes on insidiously, and is followed some little time later, 
if the child live, by generalised rigidity associated with 
muscular wasting. Great mental failure, optic atrophy, and 
peculiar retinal changes (vide ante) are present with the 
usual signs of generalised rigidity. This disease has proved 
fatal in all cases at an early period, generally before the 
second year of life. 


Atypical Forms. 
(Formes frustes de rigidité generalisée, Rosenthal.) 


These cases are placed under a special heading because of 
their peculiar clinical aspect. They present slight symptoms 
of generalised rigidity with profound mental changes, which 
generally amount to complete idiocy. Rosenthal has sug- 
gested that in these cases the incidence of the cortical lesion 
is chiefly upon the frontal convolutions. 
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Bilateral spastic Hemiplegia. 


Severe forms of this condition cannot be distinguished 
from the most severe cases of generalised rigidity, as the dis- 
tinguishing symptom—the paralysis and its distribution— 
are in both conditions absolute and general. In slighter 
forms the type is characterised by the preponderance of 
paralysis over the rigidity, and by the fact that in these 
cases the arms suffer more than the legs as in the common 
type of hemiplegia. Stunting of the growth of the limbs 
is much more marked than in the other forms of diplegia. 
The occurrence of convulsions is common, and occurs in 
44 per cent. of the cases (Sachs, Gaudard, Wallenberg). 
The majority of the cases are congenital. The pathological 
distinction between bilateral spastic hemiplegia and gene- 
ralised rigidity is that in the former case deep lesions of the 
hemisphere, and in the latter case superficial lesions, are 
found. 


Paraplegic Rigidity. (Rigidité Paraplégique, Freud. Para- 
plégie spinale spasmodique, Erb. Little's disease, van 
Gehuchten.) 


In this type the rigidity and paresis are confined to the 
lower extremities. Tardigrade progression, or the cross- 
legged progression, or the ‘‘ broken-backed”” progression is 
present. Adductor and extensor spasm of the legs with 
pes cavus is the rule. Not rarely there is hyper-extension 
of the knees. The general description given in the descrip- 
tion of generalised rigidity applies, as regards the lower 
extremities, to this type. 

Convergent strabismus occurs more frequently in this 
type than in the others, and is found in 30 per cent. of the 
cases (Freud). 

Mental defects, difficulties of speech and of swallowing 
occur as frequently as in the other types, but for the most 
part in a lesser degree of severity, though this is not always 
the case. 

Convulsions are present in 36 per cent. of the cases (Sachs, 
Osler, Wallenburg, Gaudard). 
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Combinations of paraplegic rigidity, with choreic diplegia 
and with bilateral athetosis, occur. 


Bilateral Athetosis and Choreie Diplegia (Congenital 
Chorea). 


The essential feature of the types consists in the pre- 
sence of constantly occurring spontaneous movements which 
may affect all the muscles of the body. Bilateral athetosis 
and choreic diplegia are only separated as types by the form 
and extent of the spontaneous movements, and the two forms 
of movement may occur in the same case. 

The movements of athetosis are slow, rhythmical, and 
affect the peripheral parts of the limbs most. 

The choreic movements are quick, shock-like, localised, 
and affect the proximal parts of the limbs most. The term 
“‘choreic movements’’ is an unfortunate one, as the move- 
ments in no way resemble those of true chorea. They 
resemble closely the movements of myoclonus and the de- 
scription of the movements in Dubini’s disease. 

Choreic movements are hardly ever seen in the face, but in 
two brothers affected with choreic diplegia recently observed 
at the National Hospital such movements constantly occurred 
in the tongue and palate. The movements in these cases 
showed violent exacerbations, and during periods of increase 
the movements were always present in the facial muscles 
about the angle of the mouth. The laryngeal muscles were 
not affected. 

The trunk muscles are often affected. 

Choreic movements always cease during sleep. 

Athetosis frequently affects the face, and is associated 
with great facial overaction and grimacing on voluntary 
movement. The tongue when at rest in the mouth and 
when protruded may show most evident athetosis. In severe 
cases all the muscles of the body may be affected, and the 
movements beginning in one limb may spread successively to 
the other limb on the same side, and then to the opposite 
limbs. In some cases the movements are confined to one 
region of the body. The face or the upper or lower extremi- 
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ties may be affected alone. Athetotic movements sometimes 
continue during sleep. Slight generalised rigidity and paresis 
are present in these cases, though they may amount to little 
more than an increase of the deep reflexes and slowness of 
voluntary movement. The same mental changes, affection 
of speech, nystagmus, strabismus, optic atrophy, and 
dysphagia as have been described in “‘ generalised rigidity” 
occur in bilateral athetosis and in choreic diplegia. A few 
points, however, demand special notice. Even in the most 
severe cases of bilateral athetosis the mental changes may be 
very slight. Convulsions are common in choreic diplegia, 
but are very rare in cases of bilateral athetosis. In both 
types intention tremor is not infrequently noticed. In 
athetosis actual hypertrophy of the muscles is sometimes 


seen. 
Course of the Disease is Cerebral Diplegia. 

Some cases are regularly progressive either rapidly or 
slowly, and this generally is the case with the more severe 
forms of generalised rigidity. Others after the symptoms 
have reached a certain degree of intensity may remain 
stationary or may tend to improve. The latter result is 
more often seen in cases of paraplegic rigidity and slight 
generalised rigidity. The amount of improvement is, how- 
ever, rarely great. In slight cases of generalised rigidity the 
symptoms may disappear from the upper limbs, leaving a 
condition of paraplegic rigidity. Osler has noticed slight 
cases in which all the symptoms have disappeared except 
epilepsy; van Gehuchten states that cases of paraplegic 
rigidity regularly tend to improve. Most writers, however, 
agree that improvement takes place only to the extent of 
gaining some poor power of walking, and that this much 
occurs only in some cases. 

Bilateral hemiplegia is always stationary. 

Improvement is, perhaps, never met with in bilateral 
athetosis, and choreic diplegia and cases of athetosis are 
usually progressive. 

Speaking generally, cerebral diplegia tends to shorten 
life much more than does hemiplegia, and few infantile cases 
reach adult life. 
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The Morbid Anatomy and Pathology of Cerebral Diplegia. 


The pathology of this disease has been the subject of 
much controversy, and the most diverse opinions have been 
and are still held concerning it. 

Though a considerable number of autopsies are recorded, 
deductions as to the nature of the morbid process have been 
beset with great difficulties. In the majority of the reported 
cases the examination has been made long after the onset of 
the disease, and from the final lesions found it has been im- 
possible to infer with certainty the initial lesion. Only a few 
autopsies have been performed at a time when the initial 
lesion can be said to have been recent. It is only recently 
that the tissues have been examined by the new methods of 
histological examination. Further difficulties arise from the 
fact that the final changes found are not constant, and that 
the same final changes have been proved to be produced by 
different initial processes. Moreover, the final lesions de- 
scribed have not been sufficient in some cases to explain the 
symptoms. In two cases similar in origin, course, and 
symptomatology, widely different final lesions may be found, 
as for example in the cases reported by Otto and Warda. It 
has been impossible to foretell from the clinical aspect of a 
case what lesions would be found, nor has it been possible to 
deduce the clinical type of the case from the final lesions 
found. Ithas been stated by Freud that the symptomatology 
is determined by other than the anatomical conditions so far 
brought to light in these cases. Too much stress has been 
laid perhaps upon the coarse anatomical lesions which may 
be only secondary results of primary degeneration in the 
nerve elements themselves, and these last factors alone may 
determine the symptomatology. To this conclusion the re- 
sults of recent investigations, especially upon cases examined 
soon after the disease has set in, tend. 

Certain anatomical conditions, which are found as final 
lesions in cerebral diplegia, seem to be peculiar to the infan- 
tile brain ; they are the conditions described here as diffuse 
and lobar atrophy of the convolutions and porencephaly. 
Freud has suggested that lesions which in the adult brain 
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produce softening, cicatrisation and cysts, produce atrophic 
sclerosis and porencephaly, on account of the greater vitality 
of the glial tissue, which remains alive after evascularisation 
in the infantile brain. 


Final Lesions found in the Cerebrum. 


(i.) Diffuse Lobar and Partial Atrophic Sclerosis.—In 
this condition, which is found alone in 50 per cent. of all 
cases (Osler, Richardiere), 84 per cent. (Sachs), there is 
atrophy of the convolutions without disturbance of their 
form or arrangement. It may affect the whole cortex or 
may be confined to certain regions. The atrophy is often 
symmetrical. The weight of the hemispheres is lessened, 
and the consistence of the brain substance increased. The 
cerebellum may be uncovered. The atrophy is always found 
to affect the Rolandic convolutions more or less, and has 
a special preference for the occipital lobe in many cases 
(Richardiere). In connection with atrophy of the hemi- 
spheres, there may be marked atrophy of the cerebellum. 

The meninges are never affected. 

The convolutions are small, and the sulci are widened. 
The cortex is thinned, and its surface often presents a worm- 
eaten appearance. The white matter of the centrum semi- 
ovale is reduced in size, and is of a deep greyish colour. 
The ventricles are often enlarged. Occasionally “ plaques 
jaunes”’ and small cysts are found in connection with the 
atrophy. 

Microscopically, the condition of the grey matter is one 
of increase of the glial tissue, with thickening round the 
blood-vessels, and atrophy or disappearance of the nerve 
elements. 

In cases where the examination has been made soon after 
the onset of the disease, the atrophy of the convolutions has 
been much less marked. The increase of glial tissue has 
been less marked, and in some cases absent. The atrophy 
of the nerve elements has been conspicuous. 

Under this heading come the autopsies recorded by Mac- 
Nutt, Railton, Marie, Jendrassik, Warda, Mya and Levi, 
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Sachs, Cotard, Schultze, Anton, Money, Henoch, Forster, 
Isambert, Bechterew, Russell, Robin, Friedmann, Muratoff, 
Schmaus, Gee, Richardiere, Bourneville and Brissaud, 
Dejerine and Sollier. 

(ii.) Patchy Sclerosis.—This condition described by 
Bourneville differs only from the preceding in that the 
atrophy in each convolution was local, producing a knobbed 
appearance, the convolution being alternately shrunken and 
hypertrophied, the projecting portions showing great increase 
of the glial tissue (‘‘ sclerose hypertrophique ’’). 

(iii.) Porencephaly.—This term was first used by Heschl 
for large and localised defects of the cerebral substance lead- 
ing to a thinning or absence of the wall of the lateral 
ventricle. 

Such porencephalic defects may occur in any part of the 
hemisphere, but they are more common in the Rolandic 
region ; they are very often symmetrical. In two-thirds of 
von Kahlden’s cases the defect was bilateral and sym- 
metrical. The following forms of porencephalic defects are 
described :—(1) The cavity, crossed by trabecule, forms a 
spongy mass communicating neither with the ventricle nor 
with the sub-arachnoid space. Rarely the condition is one 
of multiple cysts. (2) The defect takes the form of a space 
communicating with the ventricle. (3) There is a complete 
absence of the wall of the lateral ventricle at one spot, 
the ventricle and subarachnoid space communicating. The 
hemisphere may be reduced for the most part to a thin- 
walled cyst, when a large defect of the second variety is 
present. The wall of the cavity is smooth, and is not 
fibrosed. Pigment has been found in the wall in one case, 
and from this fact an origin in hemorrhage was argued. 
The convolutions in the neighbourhood of the porencephaly 
are small and sclerosed as a rule. The convolutions either 
are normally arranged and are cut off sharply at the edge of 
the defect, as if this had been punched out, or they radiate 
towards the defect, as do the spokes of a cartwheel to its 
centre, becoming smaller towayds the edge of the por- 
encephaly, and gradually sinking into it. Kundrat con- 
sidered that the arrangement of the convolutions in the 
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neighbourhood of the porencephaly was conclusive proof as 
to its congenital or acquired origin, the variety with the 
cartwheel arrangement of gyri being congenital, the other 
acquired. This argument has proved incorrect, for un- 
doubtedly congenital cases have been reported by Anton, 
Schultze, and von Limbeck, where the arrangement of 
convolutions has been normal; and, on the other hand, 
the radiate arrangement has been found in cases certainly 
post-natal by von Monakow, von Kahlden, and others, 
and has, with a condition of porencéphaly, been produced 
experimentally in animals by Bikeles and D’Alundo. 

In cases of diplegia, where the symptoms have been 
strictly symmetrical, unilateral porencephaly has been found, 
associated with microgyria and sclerosis of the convolutions 
of both hemispheres. 

In the general or local atrophy of the convolutions asso- 
ciated with porencephaly, atrophy and disappearance of the 
nerve elements with sclerosis is always found. In one case 
the artery supplying the region of the defect was absent. 

Autopsies have been recorded by Heschl, Kundrat, Herter, 
Béttger, v. Monakow, v. Kahlden, Bourneville, Dausiac, 
Heubner, Koenig, Ross, Otto, De Forest Willard, Mierze- 
jewski, Muratoff, Petersen, Ganghofner, Schultze, Anton, 
v. Limbeck. 

(iv.) Hydrocephalus.—Ganghofner brought this condition 
forward as the final lesion and cause in three cases of 
diplegia. In one of these cases the cortical grey matter is 
stated to have been much reduced. There was no report of 
histological examination. 

(v.) Chronic vertical lepto-meningitis.—This condition is 
rarely found. Cases of diffuse atrophy of the cortex with 
thickening and adhesions of the pia mater have been 
reported by Marie and Bourneville. 


Initial Lesions and Processes. 


(1) Arrest of development.—This has been brought 
forward by several writers as the factor in certain cases 
of porencephaly, and while perhaps true for certain cases, 
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where the defect forms an opening between the lateral 
ventricle and the subarachnoid space, as for instance in the 
case recorded by Ross, it is not proved. Porencephaly is 
not associated with either a low developmental type or an 
unusual arrangement of the convolution, such as might be 
expected were it due to congenital arrest of development 
simply. Such alteration in the convolutions as does occur 
in this condition has been found in cases undoubtedly of 
post-natal origin. 

(2) Vascular initial lesions.—Meningeal Haemorrhage.— 
The origin of cerebral diplegia in meningeal hemorrhage 
has been supported by many writers, MacNutt, Gowers, 
Taylor, and others, and it is considered to produce the final 
lesion lobar sclerosis. 

Meningeal hemorrhage is commonly found in young 
children. Weyhe performed 957 autopsies upon children 
from a few days old, to six months old, and found signs of 
meningeal hemorrhage in 122 of the cases, that is in 13 
per cent., though none of these cases presented any sign of 
damage to the brain. In 122 autopsies upon children the 
subjects of congenital syphilis he found meningeal hemor- 
rhage in 23 cases or in 19 percent. Similar results were 
obtained in congenital syphilitic patients by Mracek. It is 
interesting in this connection that Koenigstein, in 1881, 
found retinal hemorrhages common in newly born healthy 
children, and especially common in children born prema- 
turely. There are only two recorded autopsies of cases of 
cerebral diplegia which bear upon this question, those of 
MacNutt and Railton. The following is a brief abstract 
of MacNutt’s case. 


The mother had two children still-born and two died soon 
after birth. Labour difficult. Breech delivery. Small emaciated 
child. Symptoms noticed directly after birth. Clinical aspect, 
severe generalised rigidity. Death at two and a half years. 
Condition found: Symmetrical and severe !obar atrophy affecting 
paracentral lobule most; to a less extent the central convolu- 
tions, and the roots of the three frontal convolutions. Meninges 
normal. Cortex of affected area destitute of nerve elements, and 
at edge of atrophic region gradual disappearance of nerve cells. 
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Some sclerosis in deeper layers of atrophic cortex. Typical 
bilateral degeneration of the pyramidal tracts. 

Railton’s case gave a similar history and result, except 
that there was no degeneration of the pyramidal tracts. 

Dr. MacNutt figured the meningeal hemorrhage found 
post-mortem in a newly-born child suffering from right 
brachial monoplegia, occupying the same situation as the 
atrophy in her case of diplegia, and argued from that, that 
meningeal hemorrhage had caused the atrophy. No trace 
of meningeal hemorrhage was found in her case, and the 
explanation was that it had been completely absorbed. 
But in children up to nine months of age suffering with 
no diplegic symptoms Weyhe repeatedly found distinct 
remnants of meningeal hemorrhage that had occurred at 
birth, with no sign of cortical atrophy. It is difficult to 
explain, moreover, why a meningeal hemorrhage should 
remain localised to a certain region of the subarachnoid 
space, and there be efficient to produce complete cortical 
atrophy, while the commonly occurring meningeal hemor- 
rhage in the subtentorial region produces no symptoms 
(Franz Schultze). The very general symmetry of the 
lesions, and often their situation in cases of atrophy of 
the cortex, make the explanation of meningeal hemor- 
rhage, as the initial lesion producing diffuse and lobar 
cortical sclerosis, a very difficult one. That meningeal 
hemorrhage is common in young children is proved, but 
that it can produce cortical atrophy and the symptoms of 
diplegia is not conclusively proved. Neither in MacNutt’s 
nor in Railton’s case can meningeal hemorrhage be suid to 
have.occurred undoubtedly as the initial lesion. 

Embolism.—The frequency of the affection of the central 
convolutions in cases of cerebral diplegia suggests as a cause 
interference with the blood supply to that region by the 
arteria centralis media. Abercrombie and Schultze are the 
chief upholders of the theory of embolism to account for 
lobar sclerosis. Freud in La Nouvelle Iconographie de la 
Salpétritre reports a case of diffuse atrophy of the hemi- 
spheres undoubtedly the result of embolism. Delettre, Char- 
cot, and Heubner have reported similar cases. Heubner, 
VOL. XXII. 28 
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Schultze, and Krauser have each reported a case in which 
porencephaly resulted from post-natal embolism. 

Diplegia is only in rare cases associated with pathological 
conditions in which embolism is likely to occur, and in this 
disease embolisms are rarely found in other organs. The 
likelihood of occurrence of bilateral symmetrical embolisms 
such as could produce diplegia, is small. Embolism, though 
perhaps a more common cause of hemiplegic infantile spastic 
states, cannot be considered as more than an occasional 
cause of diplegia. 

Thrombosis.—Gowers advocates thrombosis of the corti- 
cal veins and of the superior longitudinal sinus as a cause of 
diplegia. In a case reported by Abercrombie diffuse atrophy 
of the convolutions with thrombosis of the superior longitu- 
dinal sinus and with widespread arterial disease was found : 
signs of congenital syphilis were present in this case. Angel 
Money found diffuse atrophy of the convolutions with nearly 
all the pia matral vessels thrombosed in a case of general- 
ised rigidity. Cotard found obvious endarteritis associated 
with diffuse atrophy of the convolutions and “‘ plaques jaunes”’ 
in one case. Kundrat considers many porencephalic defects 
to be the result of anzemic necrosis in foetal life, probably the 
result of thrombosis. 

In cases showing atrophy of convolutions and porence- 
phaly, however, indications that those conditions were the 
result of thrombosis have only rarely been found, and in the 
cases examined soon after the onset of the disease to which 
the greatest importance must be attached, signs of throm- 
bosis have been wanting. 

Intra-cerebral hemorrhage.—This initial process as a re- 
sult of trauma at birth or in later life, and multiple hemor- 
rhage as a result of asphyxia neonatorum, have appeared 
likely from autopsies in which porencephaly was found by 
Herter, Bottger, von Monakow, and von Kahlden, and in 
the cases reported by the two last writers there had been 
severe injury produced by the forceps during delivery. In 
Ashby’s case the condition of multiple cysts and sclerosis 
was attributed to multiple small hemorrhages. Sachs and 
Petersen, speaking generally of infantile spastic states, con- 
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sider cerebral hemorrhage a common initial process. They 
came to the conclusion that of seventy-nine autopsies upon 
hemiplegic forms collected by them, twenty-three were due 
to intra-cerebral hemorrhage, but they found no reason for 
considering it the initial process in twenty-five autopsies 
upon diplegic forms. 

Inflammatory initial lesions.—Virchow in 1865 described 
a condition of ‘‘ encephalitis congenitalis,” and von Limbeck 
considered atrophic lobar sclerosis the result of this condi- 
tion. Vizioli in 1880 advanced polio-encephalitis as a cause 
of infantile spastic states. Strumpell in 1885 brought for- 
ward cases of undoubted polio-encephalitis, and argued this 
initial process for infantile spastic states generally. The 
condition found in his cases was acute inflammation of the 
cortex with hemorrhage. About the same time Wernicke 
brought to light similar cases, and in one case found this 
condition of encephalitis associated with polyneuritis and 
polio-myelitis affecting the anterior horn-cells of the cord 
and bulbar nuclei. The influenza epidemics brought many 
similar cases. Goldscheider, Eisenlohr, Leichtenstern, 
Bucklers, Friedmann, and Oppenheim, amongst many 
others, have recorded cases. This disease has occurred 
chiefly in adults; the initial symptoms have been very 
severe, and it is frequently immediately fatal. In cases that 
have survived the initial disease, the final lesion in cases 
examined has been very different to those found in cases 
of diplegia. Though a definite clinical entity, polio-encepha- 
litis seems to have no connection with diplegia. Marie, 
however, inclines to the opinion that some cases of acquired 
diplegia with severe initial symptoms are of this nature. 
Strumpell considered both porencephaly and sclerosis the 
results of polio-encephalitis. His reference of polio-ence- 
phalitis and polio-myelitis to the same morbid agent has 
received no confirmation. 

Degenerative initial lesions the result of toxic processes.— 
The majority of the known etiological antecedents of cere- 
bral diplegia, both congenital and acquired, are conditions 
suggesting the presence of a toxic state. In diseases of the 
nervous system, the result of toxic processes, the nervous 
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elements usually suffer rather than the interstitial tissue. 
In familial nervous diseases, into which class diplegia comes 
to a considerable extent, it is natural to look to the neuron 
as the probable seat of initial disease. 

Jendrassik and Marie strongly support the toxic origin 
of infantile spastic states. They consider that the initial 
process in cortical sclerosis is a sclerosis round the smaller 
blood vessels, the result of an infective toxic process. 

In reported cases of atrophic lobar and diffuse sclerosis 
and in the sclerosis associated with porencephaly, marked 
degeneration or disappearance of the neurons of the cortex 
has been found. It has been argued that this sclerosis is a 
secondary sclerotic process, spreading from the site of a 
vascular lesion (cyst, bruise, ‘‘ plaque jaune” or poren- 
cephaly), or it is occasioned by meningeal hemorrhage, 
and that the destruction of nerve cells is secondary to the 
sclerosis (Schmaus). 

Cotard, in 1868, first drew attention to an atrophy of the 
pyramidal neurons out of proportion to the sclerosis. 
Warda, in 1895, in a recent case of generalised rigidity with 
diffuse cortical atrophy, found disappearance and degenera- 
tion of the cortical neurons, and this was certainly not 
secondary to any sclerosis. Mya and Levi, in 1896, found 
the microscopic anatomy of the diffuse atrophy in a case 
of generalised rigidity to be arrest of development, and 
degeneration of the cortical nerve cells. Sachs, in a case 
which he had attributed to meningeal hemorrhage, found 
a primary degeneration of the pyramidal neurons. In two 
of the cases reported in this paper Risien Russell found a 
progressive chronic degeneration of the cortical neurons, 
and the appearances suggested a toxic cause for this 
degeneration. 

In all the cases of Waren Tay and Sachs type of general- 
ised rigidity that have been examined, primary degeneration 
of the neurons of the cortex cerebri has been found. The 
atrophy of the convolutions and the gliosis has been shown 
in these cases to be secondary to the degeneration of the 
nerve elements, for in the cases when death occurred at an 
early period of the disease atrophy and convolutions and 
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sclerosis were absent, or very slight, and in other cases the 
amount of atrophy and sclerosis were proportionate to the 
length of time the disease had lasted. 

It has been already pointed out that the symptoms in 
cases of diplegia often do not correspond to the coarse 
anatomical lesions found. In a severe case of generalised 
rigidity reported by Ganghofner, no coarse lesion was found. 
This is easily explicable if the essential morbid process in 
such cases is a lesion of the neurons and the coarse 
anatomical changes are secondary to this. 

It is then certain that the conditions—lobar and diffuse 
atrophic sclerosis—in some cases owe their origin to a 
degeneration of the neurons of the cortex. Some porence- 
phalic defects and the associated atrophy of the convolutions 
may also possibly arise as secondary processes from the 
same initial lesion affecting the neurons. 

Of all the pathological processes which have been 
brought forward as the primary causes of diplegia, degenera- 
tion of the neurons of the cerebral cortex is in most accord- 
ance with the clinical aspect of many cases of the disease. 
The association of the disease with toxic states of the 
mother and with premature birth ; its post-natal origin after 
specific fevers and indefinite febrile attacks; its progressive 
course in many cases, and the variable mode of onset of the 
disease, are more compatible with this pathological explana- 
tion than with any other that has been brought forward. 

The pathology of choreic diplegia.—While the lesions of 
brain found in this condition are similar to those found in 
the other types of diplegia, an attempt has been made to 
connect the presence of choreic movements with special 
lesions in the region of the corpora striata. Broadbent 
in 1869 found capillary embolisms in the corpora striata. 
Anton in a typical case of choreic diplegia found changes 
in the putamen, namely, sclerosis round the blood vessels 
and cicatrices which were probably the results of multiple 
softenings. In six cases Demange found changes in the 
lenticular nucleus. Such changes, however, are not con- 
stant. Probably choreic and athetotic movements are to 
be connected with superficial lesions of the cortex (Wallen- 











430 ORIGINAL ARTICLES AND CLINICAL CASES 


berg, Freud). Such superficial lesions have been demon- 
strated by Kroemer, Kalischer, Kronthal, Oppenheim and 
Hope. The last two observers have found in cases of 
Huntington’s chorea a condition which they described as 
miliary disseminate interstitial sclerosis of the cortex. 

The condition of the pyramidal tracts in cerebral 
diplegia.—The following conditions have been found :— 

(i.) Secondary degeneration of all the pyramidal tracts 
in the cord. This has been found in most of the acquired 
cases and in many cases dating from birth. When pre- 
sent it indicates that the onset of the disease occurred after 
the pyramidal tracts have been developed. 

(ii.) Absence of the pyramidal tracts on both sides was 
found by Anton, by Schultze, and by Dejerine, and on one 
side by von Monakow. This condition suggests that the 
onset of the disease occurred before the development of the 
pyramidal fibres, and that the cortical neurons from which 
these fibres grow were so damaged by the morbid process 
that no development of these tracts could take place. 

Freud states that in secondary degeneration the fibres 
of the pyramidal system may after a long time disappear 
so completely as to leave no trace of their existence. This 
may account for the absence of the tracts in some cases ; 
possibly this had happened in Dejerine’s case. 

(iii.) Diminution of the size of the pyramidal tracts 
has been found by Osler and Ganghofner. A lesion of part 
of the motor cortex at an early date preventing the develop- 
ment of some of the fibres of the tract probably explains 
this condition. 

(iv.) The pyramidal tracts may be normal. This con- 
dition has been found by Ganghofner and by Railton. 
(The method of examination is not stated.) 


Further Pathological Considerations. 


In diplegia the brain is usually affected during its 
development, and at this time there is more capacity for 
the repair of damage and for compensation than when the 
organ is fully developed. From this it may be said that 
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the infantile brain is better protected against local lesions, 
but not so well protected against diffuse lesions, on account 
of the tissue instability, than is the adult brain. 

Gowers, Anton and Freud have given a general explana- 
tion of the rigidity in diplegia as being the result of the 
isolation of the lower centres from the control of the 
cerebrum and the unopposed action of these centres. 
Rigidity does not depend upon any degeneration of the 
pyramidal tracts. 

It has been pointed out by Freud that in newly-born 
infants, slight ngidity, and movements which call to mind 
both athetotic and choreic movements, occur normally. 

Freud, Rosenthal and others investigating the connec- 
tion of the rigidity and the paralysis in diplegia have come 
to the conclusion that in cases in which rigidity pre- 
ponderates the cerebral lesion is superficial, and where 
paralysis preponderates the cerebral lesion extends deeply 
into the hemisphere. 

A lesion extending deeply isolates the lower centres 
associated with the damaged region much more completely 
than does a partial lesion of the cortex. 

In this connection a most interesting case is reported 
by Freud of generalised rigidity associated with complete 
left hemiplegia. Diffuse cortical sclerosis was found in 
both hemispheres, but in the corona radiata of the right 
hemisphere a cyst was found beneath the central con- 
volution. 

In the reported autopsies upon cases of bilateral spastic 
hemiplegia the lesions have either extended deeply or have 
completely destroyed the cortex. 

There are several diseases of which the pathology is 
little known, which must be considered as closely allied to 
the cerebral diplegias. The two following diseases perhaps 
stand in very close pathological relationship. 

(1) Adult familial paraplegic paralysis which has been 
described by Osler, Franz Schultze, Kraft-Ebing, Souques 
Neumark, Erb, Melotte, Castellamessa, Koschewnikoff, 
Massolongo and Oppenheim. 

(2) Forms of chronic spastic paralysis occurring in adults 
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often associated with mental changes. These conditions 
have been described by Pelitzoeus, Dreschfield, Freud, 
Higier, Friedmann, von Homen, Bouchard and Hoffmann, 
Bruns and Seeligmuller. 

Showing a distant relation with diplegia are the diseases 
Huntington’s chorea, Friedreich’s ataxy, Marie’s ataxy and 
myopathy, and certain facts showing this relation have been 
pointed out by Koenig, Strumpell, Bernhardt and Franz 
Schultze. 


Summary of Conclusions as to the Pathology of Diplegia. 


I. The cerebral lesions found in nearly all cases of 
diplegia are (1) atrophy of the convolutions; (2) poren- 
cephaly ; (8) no coarse lesion but degeneration and disap- 
pearance of the cortical neurons. 

II. The initial morbid process producing diffuse and 
lobar atrophic sclerosis are (1) degeneration of the neurons 
of the cerebral cortex ; (2) vascular lesions, embolism, throm- 
bosis and intra-cerebral hemorrhage ; (3) perhaps meningeal 
hemorrhage. 

III. Porencephaly may be produced by (1) arrest of 
development with tissue absorption owing to foetal vascular 
disease ; (2) direct injury to the brain; (3) vascular lesions 
after birth; embolism, thrombosis, and intra - cerebral 
hemorrhage ; (4) it may also result from the process of 
tissue absorption and shrinking of the brain substance 
occurring in cerebral sclerosis, and may result as a secondary 
process in degeneration of the cortical neurons. 

IV. Bilateral spastic hemiplegia is connected with deep 
lesions of the hemispheres. The other forms of diplegia are 
connected with superficial lesions of the hemispheres. 

V. Athetotic and choreic diplegia are associated with 
superficial lesions of the cortex. In these types lesions of 
the corpora striata are not constant. 


Differential Diagnosis. 


The diseases most likely to be confounded with cere- 
bral diplegia are Marie’s hereditary ataxy, Friedrich’s ataxy, 
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disseminate sclerosis occurring in children and familial 
spastic paralysis. 


Treatment. 


Only the slighter forms of generalised and paraplegic 
rigidity afford any scope for treatment. 

Careful mental training and the regular use of appropriate 
gymnastic exercises may do much to aid improvement. 

Slow extension and the division of tendons in slight 
cases where contractures have occurred have produced en- 
couraging results (Edlenburg, Hoffe, Le Bonnardieres, and 
Lebrun). 
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REMARKS ON JACKSONIAN EPILEPSY 
ILLUSTRATED BY AN UNUSUAL CASE. 


BY JOHN SOUTTAR MCKENDRICK, M.B. 
Late Resident Physician in the Glasgow Western Infirmary. 


THE case occurred in the wards of Sir William Tennant 
Gairdner, K.C.B., while I acted as his resident, and I have 
to thank Sir William for permission to publish the case, 
and for the interest he has taken in this paper.’ 

It is not my intention to give a critical description of 
Jacksonian epilepsy, on which so much has been written, 
but, in order to increase the interest of the case now 
reported, I shall discuss shortly some of the more important 
points in regard to the history, physiology, and pathology 
of this disease. 

At the outset I may state that I have made free use of 
an admirable article by Rauzier which appeared in the 
January number of La Semaine Médicale, 1893, and which 
contains a valuable epitome of the literature of the subject 
up to that time (1). 

Another review, likewise full of information, is written 
by Burlureaux in the Dictionary of Medical Sciences. 
Interest in the subject is also aroused by the perusal of 
individual cases described by such masters as Hughlings 
Jackson (2), Charcot (3), Ferrier (4), Dreschfeld (5), Ross (6), 
Gowers (7), Broadbent (8), and Byrom Bramwell (9). 
French writers have added largely to the literature of the 
subject, among whom may be mentioned Bravais (10), 
Fournier (11), Girard (12), Greftier (13), Pitres (14), Charcot 
et Pitres (15), and Bourneville (16). 


'IT have also to thank Dr. Ferguson for a pathological report, and Dr. 
Fred Dittmar for making careful sections of the brain tissue forme. To Dr. 
Samuel Prior I am indebted for the accompanying photomicrographs of the 
cerebral cortex, and to Dr. Hutton for his report on patient’s condition on 
last admission. 
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History. 


The medical history of convulsions dates back to the 
earliest times, and cases were described when only one 
side of the body, and indeed where only individual members 
were affected, but then post-mortem examinations, I suppose, 
were never made, and consequently no definite relation 
existed in the minds of writers between the central nervous 
system and the convulsive storms that occurred at various 
parts of the body. From the beginning of this century on 
to the middle of it, many cases were reported where con- 
vulsions affected certain parts of the body, and where 
definite organic lesions existed in the form of tumours, 
cysts, thickened membranes, &c., in the opposite side of 
the brain from the convulsed side, and yet these authors, 
both from want of experimental proof, and also from want 
of scientific reasoning, did not group the facts together in 
such a way as to establish a connection between the lesion 
and the convulsive seizures which were so accurately 
described. 

Abercrombie (17), for example, describes as a class 
certain cases “distinguished by convulsions without any 
affection of the senses,” where, he says, the convulsions 
may be confined to one side of the body, and he notes that 
in one case “there was a tumour on the surface of the 
opposite hemisphere, and in another a portion of the 
opposite hemisphere was indurated.” He then, in fact, 
described a typical case of what we now call Jacksonian 
epilepsy, although he probably considered the presence of 
the tumour and induration as an accidental coincidence, 
and not the essential cause of the paroxysmal storm. In 
the same way Burlureaux (18) tells us that Parent- 
Duchatelet, Demongeret, Papavoine, Andral, and others, 
described cases of unilateral convulsions commencing in 
the fingers and corresponding with lesions of the ascending 
frontal convolutions of the opposite side, but they were 
entirely unaware of the pathological significance of these 
lesions. 

The various forms of unilateral convulsions were first 
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discussed by Prichard in 1822, when he called them local 
convulsions. Bravais (19), in 1827, called the condition 
hemiplegic epilepsy, as he had frequently noted paralysis 
to be a sequel to the convulsion on the affected limb. 
Elliotson (20), in 1831, designated the disease partial 
epilepsy, where only a part of the body was convulsed, so 
as to distinguish it from idiopathic epilepsy, which was 
more general. This term is frequently used to-day. 

In 1861, Hughlings Jackson discussed the disease in 
the most suggestive manner, and after careful investiga- 
tion so clearly and accurately argued on the facts that he 
set on foot a train of investigation which culminated in the 
well-known researches of Fritsch, Hitzig, and Ferrier, on 
the localisation of the motor areas in the brain.: From 
that date the disease has been happily called “ Jacksonian 
Epilepsy.” 

This form of epilepsy has a still wider nomenclature, 
according as the symptoms differ somewhat from thdse 
usually described by Hughlings Jackson, and from the 
frequent association of certain pathological conditions which 
give rise to it. 

Charcot called one form “a partial tonic epilepsy,” 
where, dependent on an organic lesion in the motor area 
of the brain, a group of muscles were in a state of tonic 
contraction, rather than in convulsion. Another form he 
designated ‘‘ vibratory epilepsy,” where there was a con- 
stant shaking of the muscles affected during the tonic stage. 
A third variety he speaks of as “l’epilepsie partielle sen- 
sorielle,” where a severe ophthalmic headache accompanies 
the convulsive seizure. 

As syphilis is such a frequent cause of these convulsions 
it has been often called ‘‘ syphilitic epilepsy.’ Numerous 
are the writers that have approached the subject from 
this standpoint, more notably Fournier (21), Charcot (22), 
Barbier (23), and Mallet (24). Lastly, it has been termed 
by some “‘ apoplectiform epilepsy,” because the patient, the 
subject of true Jacksonian epilepsy, had occasional apoplec- 
tiform seivures. True Jacksonian epilepsy and apoplectiform 
seizures have been known to alternate in some instances, 
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when the disease has received the name of “ congestive 
apoplexy.” 


Physiology. 


Hughlings Jackson, in his numerous writings, discussed 
the physiology and pathology of unilateral convulsions. 
Although at first he was not fortified by the results of 
physiological inquiry, he was of opinion that convulsions 
and hemiplegia were closely allied, and that the latter was 
merely the result of a more severe interference with the 
motor tract of the cerebral nervous system. Moreover, he 
concluded that convulsions were mere symptoms—the 
result of an over-excitability of certain motor nerve-cells, 
and although he was unaware of the particular nervous 
centres that were involved, apart from the fact that he had 
frequently seen post-mortem certain brain lesions on the 
opposite side of the brain, which he considered the cause 
of the irritation of the neighbouring brain substance, he 
was confident that different kinds of convulsions, as regards 
the part first affected, depended on irritative lesions affect- 
ing different parts of the brain cortex. In his own words, 
“a spasm beginning on one side implies local changes in 
the central nervous system as surely as one-sided palsy 
does;”’ and, again, “‘ I [Hughlings Jackson] assert that 
there must of necessity be some place where the nervous 
system is diseased, or the spasm determined by causes 
acting generally would not be local.’ 

He considered that there were centres for the face, 
arm, and leg, and that these were irritated in a definite 
order, just as he had noted that convulsions occurred in 
a definite order. He accordingly considered three varieties 
of convulsions :— 

(1) Those beginning in the hand. 

(2) Those beginning in the face and tongue. 

(3) Those beginning in the foot. 

It was not astonishing, then, that scientific observers 
were eager to submit these views to the test of experiment. 

In Germany, Hitzig and Fritsch, and in England 
Ferrier, at once entered the field. Ferrier, in particular, 
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experimented on monkeys, and successfully localised certain 
motor areas in the cortex cerebri. 

So indebted was he to Hughlings Jackson for the 
suggestion that led to this great research that he writes, 
“Tt is the great merit of Hughlings Jackson to have first 
clearly indicated the pathology of these affections” (con- 
vulsions) (25). His work on the ‘‘ Functions of the Brain,” 
published in 1876, Ferrier dedicated to Hughlings Jackson, 
“‘who from a clinical and pathologicai standpoint antici- 
pated many of the more important results of recent 
experimental investigation into the functions of the cerebral 
hemispheres.” A narrative by Ferrier, giving the experi- 
mental results, appears in the Philosophical Transactions, 
and at once there were two parties formed, the one side 
sceptical, the other full of belief. 

Ferrier, however, was not the first to map out definite 
areas of the brain cortex that had to do with definite move- 
ments, for Fritsch and Hitzig (26) in 1870 discovered that 
the application of electrodes to an exposed part of the 
brain produced movements in certain parts of the body. 
There can be no doubt, however, that the results obtained 
by Ferrier were much more forcible and far-reaching than 
those of the German observers, and that they laid the basis 
of modern cerebral pathology, so far as motor areas are 
concerned. 

The most notable of other writers who experimented in 
order to definitely localise particular cortical areas for 
definite movements were Beevor, Schafer, Victor Horsley 
(27), Brown Sequard, Dupuy, and Burdon Sanderson. 

For a time medical literature was teeming with the 
records of investigations by numerous experimentalists. 
When it was known definitely that particular areas in the 
cerebral cortex existed, which, when excited produced 
convulsions of particular muscles, and when destroyed 
caused paralysis without anesthesia, clinicians and patho- 
logists were ever on the look out for the discovery of brain 
lesions in the human subject that would correspond with 
definite symptoms observed during life. These efforts were 
richly rewarded. 
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We now know that the motor cortical area consists of 
a zone forming the convolutions around the fissure of 
Rolando, with pretty accurately defined areas for leg, body, 
arm, and face from above downwards. Irritation of these 
areas causes convulsions on the opposite side, and irritation 
of an area somewhat in advance of this causes deviation 
of the head and eyes to the opposite side (see diagram 





—Beevor and Horsley). Having discussed briefly the 
physiology of unilateral convulsions, I intend now to make 
a few remarks on their pathology. 


Pathology. 


What is the pathological lesion, and how does this lesion 
cause irritation of the brain cortex? It has frequently 
been called the “‘ discharging lesion.” 

The pathological lesions may be divided into two classes : 

(1) Those that can be seen by the naked eye. (2) Those 
that can be seen only by the highest powers of the micro- 
scope. It is probable that lesions may exist that cannot 
at present be seen at all, or demonstrated by any known 
method. 

Of the first class, any form of tumour, cyst, thickened 
membrane, a blood extravasation in or around the neigh- 
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bourhood of the fissure of Rolando, may cause convulsions, 
by irritation of the brain cortex. 

This class practically includes all the forms of diseased 
brain tissue, meninges, and cranium in the region of the 
motor area of the brain. The various diseases have been 
enumerated by Rauzier (28), as follows :— 

I. Affections of bone:—(a) tumours; (0) exostosis ; 
(c) long splinter of bone. 

II. Affections of meninges :—(a) tumours; (0) exuda- 
tion, acute, subacute and chronic meningitis ; (c) primitive 
hemorrhages of meninges ; (d) blood extravasations occur- 
ring in pachy-meningitis. 

III. Affections of brain :—(a) Old and encapsulated 
abscesses; (b) cerebral sclerosis; (c) brain tumours; (d) 
hemorrhagic foci ; (e) ramollissement. 

He lays special stress on traumatism and syphilis as 
causes in this form of unilateral convulsive seizure. An 
interesting table is appended by Rolland, who found that 
out of 112 cases forty-eight resulted from tumours, twenty- 
one from ramollissement, eight from traumatism, nine from 
superficial and deep aneurism, seven from cortical hemor- 
rhages, and five from cerebral atrophy. 

The second class includes conditions in which there is 
possibly a change in the shape, size and number of the 
motor cells; or possibly from the help of modern histo- 
logical methods of staining, a change may be detected in 
the protoplasmic substances of the brain cells; or the 
formation of a fatty substance around these cells; or 
possibly an interruption in the nerve fibres that proceed 
from these cells. There may be a minute change in the 
small arteries and veins that traverse the part—an arterio- 
sclerosis. The origin or cause of these changed states of 
brain tissue is still obscure, but we must not overlook the 
fact that such minute changes in the motor area of the 
brain have been recognised with well-defined unilateral 
convulsions. 

A greater puzzle in regard to the pathological signifi- 
cance occurs in certain cases where convulsions have been 
unilateral, and from a clinical standpoint entirely in 
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harmony with the convulsions described by Hughlings 
Jackson, and yet have presented no cerebral changes that 
could be discovered even by the highest powers of the 
microscope. These cases have been described as func- 
tional, but on physiological grounds we may hold that 
where there are well-defined unilateral convulsions there 
is in all probability a local lesion. Possibly, however, the 
disturbance may be of a chemical nature. 

We yet know but little of the chemical constitution of 
a nerve cell, or of the chemical phenomena happening in it. 
One can conceive that an altered metabolism, and an altered 
nutrition or change in chemical state or chemical process, 
may produce marked change in function. 

Those belonging to the first class (including tumours, 
&c.), then, produce convulsions of the opposite side of the 
body by irritating the surrounding nerve-substance by their 
presence. It may be by pressure on the brain substance 
direct, or on the small vessels: or it may be by causing 
an inflammation. The surrounding cells are in a state of 
tension, and when this is sufficiently high there is what 
may be called a molecular explosion. This view is borne 
out by Hughlings Jackson and Charcot; and, moreover, 
they consider that the paralysis resulting is in consequence 
of the weakened and exhausted state of these motor cells 
after the explosion has taken place. 

It is difficult to argue out the pathology of those belong- 
ing to the second class (with only microscopical changes, 
&c.), unless we uphold a chemical theory. Hughlings 
Jackson has expounded a view bearing on this subject 
which I will quote: ‘‘ Speaking in chemical language, the 
highly unstable grey matter of disease remains of the same 
constitution as the comparatively stable grey matter of 
health, but that it is of a different composition; and a 
further speculation is that the phosphorous ingredient is 
replaced by its congener nitrogen—that the nervous matter 
is more nitrogenised, and therefore more explosive” (29). 
In support of this view it may be pointed out that artificial 
explosives like gun cotton, nitro glycerine, and prussic acid, 
always contain a loosely combined molecule of NO,. The 
presence of the nitrogen molecule implies instability. 
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The actual convulsion is frequently set agoing by some 
peripheral irritation, or disease of the abdominal or thoracic 
organs. It may be that certain poisons are circulating in 
the blood, which either pick out the motor area and cause 
convulsions, or more probably by producing a pathological 
change in the brain tissue or its vessels. It is easy to 
understand how these poisons would produce convulsions 
by acting reflexly, provided that an organic lesion is already 
present; but if no such lesion exists, it is difficult to 
conceive of a poison picking out the motor area more 
especially, and consequently producing convulsions. 

Still, writers have considered that poisons, such as 
alcohol (30), lead (31), and urea (32) in uremia are capable 
of selecting one motor area, and of producing typical 
unilateral convulsions. They have called these “ toxic 
epilepsies.” 5 

With these remarks on the history, physiology, and 
pathology of Jacksonian epilepsy, I shall now proceed to 
a description of a case, which I take to be one of this type 
of disease, although in many points it is not typical. I 
shall endeavour after its description to enter into a short 
discussion on its more important and interesting features. 


E. McG., aged 38, a housewife, was admitted into the wards 
of the Western Infirmary on May 26, 1897, complaining of 
“« fits.” 

History of Present Iliness. Patient appears to have been 
free from any nervous disorder until a year ago, when, without 
warning, she fell down, lost consciousness, and remained for 
twenty minutes in what her friends called a fit. There was no 
return of “fits” until six months afterwards, when she again 
had an “attack” described by her friends as quite similar to 
the first. After this, the fits occurred pretty frequently, lasted 
from fifteen to twenty minutes, and in all of which she was 
totally unconscious. Three months ago, after one of these 
‘‘ attacks,” she remained unconscious for five days, and during 
which time there occurred twenty fits (as informed by her 
friends), while, on regaining consciousness, she found there was 
considerable weakness of the right arm and leg. 

She remained then free from the fits for six weeks, when a 
fit of a different kind developed, which recurred almost every 
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ten minutes, and which, she says, corresponds almost entirely 
with those occurring at present. With these latter fits there 
is no loss of consciousness, but while it lasts, and indeed for 
some time afterwards, she loses the power of speech, Occa- 
sionally before the commencement of the fit she has a strange 
sensation in the throat. She notices that the head is drawn 
over to the right side, and that the arm and leg of the right 
side are thrown into violent jerking movements. They last only 
for one to two minutes. Apart from these fits she feels very 
well. The paresis which resulted some three months ago soon 
disappeared, and she can now walk perfectly and can use the 
right arm and hand as freely, she thinks, as the left. 

She has never complained of ophthalmic headache, nor of any 
painful spot on any part of the cranium. Her digestion is good, and 
the bowels act regularly. She feels that she would sleep well if 
it were not for the “fits.’” Her eyesight is perfectly good. She 
has no abdominal pain, and no swelling of any part of the body. 
The urine is passed regularly, and she has not considered it 
unusual either in respect to its quantity or colour. During the 
fits she passes neither urine nor feces into bed. 

History of previous health. Patient has been a remarkably 
healthy woman, and apart from a pretty severe attack of rheu- 
matism complicated with pleurisy, which occurred seven years 
ago, she does not remember having had a day’s illness until the 
present trouble began. 

Family history. There is a distinctly tubercular history 
manifested, as her father and sister, and apparently her mother 
also, died of phthisis pulmonalis. She has three brothers and 
three sisters alive and well. No history of insanity or nervous 
disorder of any kind. 

Habits. She is married, but has had no children nor mis- 
carriages. She denies having had any venereal disease, although 
she remarked that at one time her hair fell out very freely. 
There was no other indication, however, of any syphilitic taint. 

Present condition. Patient is well nourished, and though 
somewhat pallid, to all appearances looks in ordinary health. 
There is no lack of adipose tissue, and the muscles are in no 
way atrophied or flabby. There is, however, a want of intellec- 
tual brightness in the eyes. The expression is dull and torpid, 
and she is slow in answering questions. There is no mental 
defect. 

The pupils are equal, circular, slightly dilated, but respond 
correctly to light and in accommodation. The tongue is dry, 
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and deeply fissured transversely—it is protruded in the middle 
line. Temperature is 97-8° Fah. Pulse is soft, easily com- 
pressible, and numbering 114 in the minute. There is no edema 
of any part. 

Heart is normal as regards percussion and ausculation. 

Lungs are practically normal, although a few fine rales are 
heard at the bases, which accounts for a temporary cough and 
expectoration which at present exist. Nothing of note is 
discovered in the Abdomen. No movable or enlarged kidney ; 
splenic and hepatic areas of dulness are within normal limits. 

Urine is of average quantity, of a dark amber colour; acid 
reaction ; faint mucous deposit; specific gravity 1022; no trace 
of either albumen, sugar, or blood; microscopical examination 
discovered a few mucous cells. 

While the above report was being written, patient was seized 
with unilateral convulsions, which occurred almost every eight 
to ten minutes. They were all almost identical in their nature, 
they lasted from one and a half to two and a half minutes; com- 
menced almost invariably with a twitching of the small muscles 
on the right side of the face (not entirely limited to this side 
however); there was then conjugate deviation of the eyes and 
face to the right side, shortly afterwards, but in some cases 
almost simultaneously with this deviation, a complicated move- 
ment of the right hand and arm commenced. All the fingers, 
except the first, are flexed at the metacarpo-phalangeal joints, 
while the terminal phalanges are in extension. The index 
finger thus assumes the pointing position. There is then a 
slight twisting movement at the wrist, the forearm is next slowly 
pronated and slightly flexed on the arm. During this period, 
patient frequently mutters to herself. The right leg becomes 
likewise slightly flexed at the knee joint. 

This portion of the attack takes from twenty to thirty seconds 
when the clonic stage commences, 7.e., convulsions proper. There 
are twitchings of the muscles of the face to a slight extent, 
chiefly those of the mouth, but almost immediately there are 
clonic spasms of the muscles of the fingers and thumb of the 
right hand, then of the whole forearm and arm, so that the 
right upper limb is thrown into a series of irregular jerking 
movements. A few seconds after the onset of the convulsive 
seizure in the arm, the right leg gets convulsed, and is also 
thrown about in an irregular fashion. At first the convulsion 
affects the right side alone, but soon after the left arm is slightly 


affected. 
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The convulsive seizure commences quietly, but the move- 
ments gradually become more intense, reach a maximum, and 
then gradually subside. 

The left arm, when affected in the attack, ceases to be 
convulsed first, then the right leg, then the arm, and finally 
the head and eyes rotate backwards into their normal position. 

This description, I think, bears out pretty accurately what 
occurred, although in some fits there were slight modifications. 
For example, the movements of the arm seemed in some 
instances to precede the twitching of the muscles of the face, 
and conjugate deviation of the face and eyes to the right side. 
Still, I feel sure that in the majority of the fits, the face was 
first affected, then the arm, and finally the leg, although I have 
said that in some the arm appeared to be first affected, then 
the face, and lastly the leg. 

The left arm, on occasions, did take part in the movements, 
but still, these were not of a convulsive nature, at least they 
did not correspond at all to those of the right. 

The right arm was the part which, undoubtedly, took the 
greatest share in the convulsive seizure. She was perfectly 
conscious during the attack, but she could not speak. On 
occasions I asked her questions during the attack and she 
frequently said ‘‘ yes,” but this was the only word that could 
be got from her. 

Two minutes after the cessation of the convulsive seizure 
she was able to talk quite distinctly and fluently, although 
slowly. During this attack the pupils dilated somewhat ; 
the conjunctival reflex was never abolished; respiration and 
pulse rate increased in frequency; urine and feces were not 
involuntarily evacuated. 

She seemed to have no warning, other than a “ gurgling 
sensation” in the throat. There was no scream, and no biting 
of the tongue or foaming at the mouth. 

I could discover no paresis of the muscles of the face, arm, hand, 
leg or foot. Sensation was normal. Knee-jerks present, but not 
exaggerated. No pain on pressure of muscles, or along course 
of nerve trunks. No pain on palpation or percussion of the 
head. 

The circumstances of interest were noted in the Journal 
from time to time, and I shall summarise them here. 

May 27,1897 (day after admission).—To-day, the day after 
her admission into hospital, patient informed me that she could 
not move her right arm or leg. She discovered this herself acci- 








454 ORIGINAL ARTICLES AND CLINICAL CASES 


dentally after one of the fits. The nurses said that the fits had 
just been of the usual kind, and had occurred every ten minutes 
on an average. I know that she never lost consciousness, but I 
am entirely unaware at what time the paralysis set in, and 
whether it was gradual or sudden. The arm and leg lay help- 
lessly by the side. There was no loss of sensation, but she failed 
to distinguish the difference between the point of the finger and 
point of a pin on the right side. Apart from this paralytic condi- 
tion of the right arm and leg, and to a slight extent of the right 
lower muscles of the face, she had no other unusual symptom. 
Speech was only affected during and immediately after the 
convulsions. 

June 2 (seven days after admission).—Fits still persist almost 
as frequently as above noted. She can, however, now move the 
right foot slightly, although she fails at any attempt to move the 
right arm or hand. 

June 9 (fourteen days after admission).—Since last note fits 
have gradually become less frequent. She has been taking large 
doses of bromide of potassium and the syrup of chloral hydrate. 

Reactions to faradism, both as regards sensation and muscular 
contraction, are similar on the two sides. 

The right leg can be moved with ease; the right arm not 
at all. 

June 10 (fifteen days after admission).—A recurrence of fits 
of a milder degree than those noted before, when the face and 
arm of the right side alone shared in the convulsive storm. 

The right leg and left side of the body were in no way affected. 
The right hand and arm were undoubtedly the centres of the con- 
vulsive storm in each case, whereas the twitching of the muscles 
of the face and conjugate deviation of the head and eyes to the 
right side were less constantly present. The movements of the 
right arm and fingers of the right hand correspond entirely with 
the description given above. 

The right arm and hand are completely paralysed ; the right 
leg and foot can be readily moved. No anesthesia, but distinct 
analgesia of the right side of the body. 

June 12 (seventeen days after admission).—Since the 10th 
patient has had large doses of KI., KBr., and Am. Br., with the 
result that these milder fits above mentioned soon disappeared. 
She has had no fit since the night of the 10th. 

The right leg has regained so much power that she to-day 
endeavoured to walk a little, with assistance, in the ward. She 
can now move the fingers of the right hand, and elevate the arm 


— 


oo 


REMARKS ON JACKSONIAN EPILEPSY 455 


at the shoulder. No albumen in the urine. Patient feels very 
well. 

June 24 (twenty-nine days after admission).—Improvement 
has been steadily progressive. She walks in the ward every day, 
and the power of the right hand and arm is rapidly returning. 
No return of fits. Urine normal. - 

July 1 (thirty-six days after admission).—There is only a slight 
difference manifest in walking as regards the lower limbs, but it 
is evident that there is still a slight amount of analgesia of the 
right limbs. Tactile sensibility is normal. 

At the tip of the second finger in the two hands the distance 
by Weber’s test is from ‘3 to*5c.m. Fundus of both eyes found 
to be normal. 

July 5 (forty days after admission).—Field of vision was tested 
to-day by means of the perimeter, and found practically correct 
on the two sides. 

Chart of visual fields of both eyes :— 





July 8 (forty-three days after admission).—To-day patient 
became sick, and she could not answer questions. On examina- 
tion it was found that she failed to move the left arm. The right 
arm, which was originally paralysed, she moved quite readily. 
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July 9 (forty-four days after admission).—All signs of paresis 
of left arm gone. 

July 10 (forty-five days after admission).—To-day there was 
a recurrence of the old fits—of exactly similar nature, but which 
lasted longer. 

July 14 (forty-nine days after admission).—Patient has been 
menstruating for the last four days, and during which time she 
has had from eight to nine fits. On the 12th and 13th the fits 
resembled more the “ Idiopathic ” epileptic nature. 

There was conjugate deviation of head and eyes to the right 
side, followed first by unilateral convulsions of the right side, 
which, however, soon after became general. The breathing was 
stertorous ; the face livid; there was foaming at the mouth, and 
slight bleeding from the tongue and gums. She was quite well 
in from two to three minutes after coming out of the fit, and she 
had no drowsy stage, and no loss of control over the bladder and 
rectum. 

July 23 (fifty-eight days after admission).—Patient has had 
no fits for over a week. Paralysis has almost gone, as she can 
walk perfectly, and perform the act of writing with apparent ease. 

She was dismissed to-day well. 

August 6.—Patient had been advised to return to hospital 
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during her next menstrual period, and so presented herself to-day. 
Since last dismissal she has been well. 

August 10,—To-day with the right hand she turned the scale 
of the dynamometer to 35, and with the left to 55. She has 
had no fits, but she has been kept well under the action of the 
bromides. 

Dismissed to-day well. 

December 23, 1898.—To-day, over sixteen months having 
elapsed since she was last dismissed from hospital, patient was 
brought to the infirmary by her friends in a speechless and 
semi-unconscious condition. 

The following history was given us by her friends :—It appears 
that from the time of her dismissal until yesterday, December 22, 
she remained to all appearance in perfect health, free from fits, 
and able to attend to her duties. 

During this time she suffered neither from headaches, vomit- 
ing, pain after food, palpitation, breathlessness, dropsy of any 
part, pain in the abdomen, disorder of the bowels, retention or 
suppression of urine, or frequency of micturition; in fact, her 
friends state emphatically that she complained of nothing. Her 
appetite was good, and, indeed, as reported by Dr. Hutton, 
* might have been justly characterised as ravenous, particularly 
for nitrogenous food.” 

Although she appeared somewhat stupid on December 22, she 
took her dinner and supper heartily, and went to bed. She had 
had no shiver, or anything to have suggested the onset of an 
acute illness. At 2 a.m. on the morning of December 23 she was 
found to be in a fit, livid, and with “ jerking movements of the 
right arm and leg, and snapping of the jaw.” These convulsive 
seizures occurred very frequéntly, but her friends cannot say 
definitely how many she had. They were similar to those that 
occurred sixteen months ago. She was brought up to hospital at 
6 p.m. on December 23. 

A careful description of the fits was made at the bedside, 
and the following summary may be said to include all that 
occurred :—The convulsions were unilateral, confined to the 
right side, although in one fit the muscles of the face and arm of 
the left side appeared to participate in the spasm. The eyes first 
rotated to the right side, with nystagmus-like movements of the 
eyeballs; then the head rotated to the same side, with slight 
clonic movements, more especially of the levator labii superiors 
and zygomatics of the same side. The right arm was next 
affected, apparently in an almost identical manner to that fully 
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described above, and lastly the right leg. Between the spasms 
she is apparently conscious, as she endeavours with the left hand 
to cover herself with the blankets. She cannot speak. The 
pupils are contracted, but equal. She is rather pale, but there is 
no puffiness of the face, although there is slight pitting on pres- 
sure over the tibix. No glandular enlargement. 

Temperature is 101-4°, pulse soft, rapid, and numbering 142 
per minute. Respirations are 32 in the minute. There is occa- 
sionally a period of respiration somewhat akin to the Cheyne- 
Stokes type. There is a distinct paralysis of the muscles of the 
face on the right side, and complete paralysis of the muscles of the 
right arm and leg. Plantar refiex is absent on the right side ; 
knee-jerks are absent, and there is no ankle clonus. 

There is complete anesthesia of the right side of the body, and 
partial anesthesia of the left arm. Heart and abdomen normal. 
Apart from a few rales at the extreme bases of the lungs (which 
were noted on last admission), these organs are likewise normal. 

All the objective and subjective symptoms of the above report 
correspond pretty well with the report of her previous admission, 
but we have still to examine the urine, where we find proof of an 
acute affection of the kidneys. The first specimen examined 
contained albumen to the extent of -1 per cent., urea 6 grs. to 
1 oz. blood, a sediment which showed the presence of blood 
cells, epithelial tube casts, and uric acid crystals. The second 
specimen drawn off by catheter on the following morning, De- 
cember 24, the day of her death, showed albumen to extent of 
‘9 per cent., a large quantity of blood, abundant epithelial, and 
other tube casts. 

Hypodermic injections of pilocarpine were tried with only 
temporary benefit, and patient gradually passed into a condition 
resembling the ‘ status epilepticus,’ and died at 3.50 p.m., 
December 24, 1898, after a two days’ illness. 

The temperature gradually rose after her admission, and 
shortly before her death it was recorded as 104° F. 

A post-mortem examination was made, the results of which are 
briefly as follows :— 

The heart is somewhat fatty, but there is no insufficiency of 
the valves. 

The lungs are non-adherent, but considerably cedematous. 
Spleen and liver are large and soft with post-mortem staining. 
Stomach, intestines and pancreas are normal. 

The brain is superficially congested posteriorly (post mortem). 
Its substance shows nothing abnormal. Dr. Dittmar in his report 











Photomicrograph of section from right motor area. 
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says: ‘‘ There is nothing unusual in the appearance of the micro- 
scopical sections which I have prepared from both motor areas 
of the brain—if anything there appears to be a preponderance 
of capillaries in that of the right side.”’ 

The kidneys present appearances of an acute cortical neph- 
ritis, accompanied by profuse desquamation and destruction of 
epithelium. The adrenals, ureters and bladder are normal. 


I have described this case as fully as possible, in order 
that the various points of interest and difficulty with regard 
to its probable pathology and diagnosis may be criticised, 
and I shall now shortly discuss some of the problems that 
presented themselves under the headings of symptoms, 
diagnosis, etiology and pathology. 


SYMPTOMS. 


Each fit was almost invariably ushered in by (1) con- 
jugate deviation of the eyes and head to the right side. 
The axes of the eyeballs remained absolutely parallel. The 
movement was gradual, and free from any spasmodic 
jerking; moreover, there was definite precision in the 
commencement of rotation of both eyes and head. We 
know from the writings of Broadbent (33), Ross (34), and 
Gowers (35), how this symptom depends on some change 
in the opposite side of the brain, frequently produced by a 
hemorrhage. If the muscles of the side opposite to the 
lesion are paralysed, then the antagonistic muscles draw 
both eyes and head to the non-paralysed side, 7.e., the head 
turns, and the eyes look towards the side of the lesion. 
However, if there is an irritation of one motor area, or 
rather of that portion of the cerebral cortex that has to do 
with the lateral deviation of the eyes and head, then the 
muscles of the side opposite to the lesion contract, and 
cause rotation of the eyes and head to the paralysed side, 
i.e., the head turns away, and the eyes look from the lesion. 
In this case, there was probably an irritation of that area 
which lies immediately in front of the truly motor zone 
(see diagram of Beevor and Horsley), and, as a result, the 
nucleus of the sixth nerve of the right side was irritated, 
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which produced contraction of the right external rectus, 
directly and indirectly, through the communicating fibres 

: from this nucleus to the third nerve and spinal accessory 
of the opposite side, produced contraction of the left internal 
rectus, and left sterno-mastoid, although the right inferior 
oblique muscle (as described by Ross) also probably con- 
tracted. I consider that this area was the first to become 
irritated, and, owing to its physiological situation, this fact 
accounted for the convulsive seizures that depended on 
irritation of the neighbouring areas for the face and upper 
extremity. There was never any sign of paralysis of the 
orbital muscles, as is frequently the case from certain brain 
tumours. 

(2) Hemiplegia occurred, not as is usually described by 
Hughlings Jackson, but in an irregular fashion, and with 
apparent suddenness. As we have above noted, hemiplegia 
after unilateral convulsions depends upon the weakened 
state of certain motor nerve cells after the explosion, which 
produced the convulsions, had taken place. One would 
expect to have a gradual hemiplegia resulting from a 
gradual exhaustibility of the motor cells due to frequent 
explosions of nerve energy. In this case we must consider 
the form of epilepsy as one of the apoplectiform or con- 
gestive type. The history obtained from patient’s friends 
tells us of the suddenness of the onset of fits, the period 
of over a week’s unconsciousness, the resulting hemiplegia 
of the right side of the body—on her admission we observed 
the occurrence of numerous fits with no evidences of 
hemiplegia, but, on the day following, the development of 
paralysis of the right arm and leg—and, again, on her last 
admission, we noted hemiplegia with paralysis of the lower 
muscles of the face on the right side. 

It is not likely that in this case there were actual hemor- 
rhages in the cerebral cortex, as there would have been evi- 
dences post mortem. It is quite probable that after a more 
severe convulsive attack, the vessels in the neighbourhood 
of the left motor area became contracted, and a congestion 
resulted, allowing of a greater disturbance to the nutrition 
of these motor nerve cells. 





REMARKS ON JACKSONIAN EPILEPSY 461 


It is difficult to account for the very fleeting paralysis of 
the left arm that occurred on one occasion, as this was pre- 
ceded by no convulsive attack. 

(3) Aphasia occurred shortly after the commencement 
of each fit, and lasted, as a rule, for two minutes after the 
cessation of the convulsive seizure. Aphasia, as has been 
graphically described by Hughlings Jackson, occurs almost 
invariably when the spasm begins in the right side of the 
body. In this case, the defect of speech was not due to 
difficulty of articulation, depending on paralysis of the labial 
muscles, but was from a true aphasia, the result of some 
change in the speech-producing centre on the left side of 
the brain. 

Todd, in his lectures on Diseases of the Nervous System 
(lecture xv.), says :—‘‘ There is a peculiar class of cases of 
epileptic hemiplegia, in which the exciting cause of the 
epileptic fit at the same time damages or greatly injures 
voluntary power and speech.” A factor in support of the 
view which I have expressed above, that the convulsive 
storm appeared almost invariably to start in the face, is the 
fact that Hughlings Jackson observed that aphasia fre- 
quently occurred when the face was first affected, but rarely 
when the convulsion commenced in the arm or leg. 

An interesting case is reported by Sorel (36), where the 
symptoms were in many respects similar to the one at 
present under consideration. In Sorel’s case the convul- 
sions started in the face, but were preceded by conjugate 
deviation of the eyes and head. There was also aphasia. 
This transitory aphasia has been noted also by Audrey, 
Weber, Brown Sequard, and others. 

(4) Loss of consciousness is rarely present in true Jack- 
sonian epilepsy, and the victim of these convulsive seizures 
can, as a rule, describe accurately the general march of the 
storm, and repeat the various events that happened during 
the attack. Apart from her severe illness at the commence- 
ment of the disease, when her friends described her as 
unconscious for a week, and apart from her condition 
towards the end of her illness, which resembled the status 
epilepticus, she was perfectly conscious during all the con- 
vulsive seizures. 
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(5) Disturbances of sensation are rare accompaniments 
of Jacksonian epilepsy, whether there is post-epileptoid 
paralysis or not. I think one of the most important and 
interesting features of this case was the presence of anal- 
gesia of the right leg, and less markedly of the right arm, 
during most of her illness, and the complete anzsthesia of 
the whole right side of the arm and leg during the latter 
days of patient’s life. 

We know that anesthesia does occur in some forms of 
Jacksonian epilepsy, depending on a syphilitic affection, but 
in these cases it is disseminated, occurring in patches over 
the backs of the hands, and perhaps outer aspects of the leg 
(Fournier, Barbier). But, in this case, we had no definite 
history of syphilis, and certainly post mortem there were no 
changes at all suggesting such a condition. 

The question of anesthesia and analgesia in relation to 
cerebral localisation has been put to experimental test by 
Ferrier, Schiifer, Horsley, and Yeo. All experiments show 
that destruction of the motor areas of the brain, however 
extensive, does not produce either anesthesia or analgesia. 
These observers have found that the cerebral centres for 
such sensations lie in the hippocampal and inferior temporal 
regions, and also in the gyrus fornicatus. 

I consider that in this case, the presence of analgesia, 
and anesthesia shortly before death, depended most probably 
on certain changes that had taken place in the communi- 
cating fibres that connected the tactile centres with those of 
the motor region. Few cases are recorded where anesthesia 
was present with unilateral convulsions, but one described 
by Broadbent (37) is of great interest. He records a case of 
epileptoid convulsions with hemi-anesthesia, and in dis- 
cussing the case, he says:—‘‘ Another very interesting 
feature in the case was the loss of sensation, which for a 
time was absolute in the right hand and arm, and well 
marked, though not complete in the body and leg of the 
same side.” As this patient was cured under large doses of 
iodide of potassium, it is possible that this case belonged to 
the syphilitic group, where convulsions and anesthesia have 
been frequently recorded. 


a 
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DIAGNOSIS. 


Whenever convulsions are unilateral, occurring seldom, 
and it may be in rapid succession, where definite parts of 
the body are affected, and where the convulsive storm is 
ushered in by the contraction of a particular group of 
muscles, with no loss of consciousness, at any rate at the 
commencement of the spasm, then we are dealing with a 
case of Jacksonian epilepsy. It matters little what the 
cause may be. The essential feature in such cases is the 
fact that a particular motor area, or only a portion of it, 
is irritated. So that, if in hysteria, when we speak of a 
functional state, definite unilateral convulsions exist, the 
case is one of Jacksonian epilepsy, provided that the seizures 
are not feigned. 

Again, if in uremia the convulsions are unilateral and 
consequently depend on irritation of the motor area. by 
urinary elements, the same diagnosis may be arrived at. 
The two sets of cases might be’ talked of as hysterical and 
uremic convulsions, assuming the Jacksonian type. 

Still, other symptoms being taken into account, we are 
able to distinguish the disease from others, more especially 
from hysteria, true epilepsy, hystero-epilepsy, and uremia. 

(a) Hysteria.—In very few respects did our patient’s 
condition present the characters of the “ hysterical attack.” 

There was no emotional utterance before the seizure— 
no sudden falling to the ground with feigned loss of 
consciousness—no subsequent coma and fits of laughing 
and crying. There was no drooping of the eyelids. There 
was, however, hemiplegia and sensory disturbance, affec- 
tions which are frequently present in hysterical patients, 
but in such cases one never meets with convulsions which 
pursue an almost exact course in each seizure, as in the 
present case. 

(b) True epilepsy.—Although at one time the fits more 
closely resembled the truly epileptic nature, as a rule they 
largely differed from them. There was no history of 
epilepsy or other neurotic disease in the family—patient 
had had no convulsions or fits as a child—unconsciousness 
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practically never existed—there was rarely biting of the 
tongue, and at no time was there loss of control over the 
bladder and rectum. Moreover, the fits were localised, and 
were almost invariably unilateral. On one or two occasions, 
due to the severity of the storm, the left arm participated 
in the attact, but the fits may be definitely said to have 
never been general. In four minutes or so after the seizure 
she was well. 

(c) Hystero-epilepsy.—Charcot (38) in one of his lectures 
describes this disease as one of a truly hysterical nature, 
but which assumes, owing to the severity of the hysteria, 
an epileptoid condition. He entirely dismisses the theories 
that have been suggested of an admixture of the two 
diseases, hysteria and epilepsy. If this be correct, then we 
are at a loss as to the cause of the irritation that produces 
the epileptoid attacks. 

‘In hysterical patients there may be a “functional 
neurosis,” but this functional neurosis implies, on physio- 
logical grounds, change (it may be temporary) of nerve 
elements. However, in hystero-epilepsy, the convulsions 
correspond to the idiopathic epileptic type, and are not 
localised as in Jacksonian epilepsy. 

Besides, there is, as a rule the hysterical crying at the 
commencement of, and the cataleptic state after, the con- 
vulsion. Although we are not aware of the change that 
occurs in the brain as a result of hysteria, it is quite within 
the range of possibility that hysteria, which may assume 
the truly epileptic nature by disturbance of the whole 
cerebrum, may as readily assume the Jacksonian type by 
irritating one motor area. Such a disease might well be 
called Hystero-Jacksonian epilepsy. 

By this term, however, I intend to denote hysteria as 
the primary disease with, as a sequel, irritation of one 
motor area from some nerve change, the cause of which 
is as yet unfathomed. At the same time, I fail to see why 
one motor area could be so isolated. 

It is easy to distinguish Jacksonian epilepsy from the 
hystero-epilepsy of Charcot, but when we endeavour to 
distinguish it from the disease which I have designated as 
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hystero-Jacksonian epilepsy, it is more difficult, especially 
when we consider certain points in the history, and 
symptoms of our patient, and the absence of any macro- 
scopic or microscopic change in the motor zone. 

I do not, however, uphold the idea of hysteria as the 
essential disease in this case, but whether hysteria be an 
element in the case or not, it matters little, for the disease 
is one of Jacksonian epilepsy, whatever be the cause. 

(d) Uremia.—We are aware that in certain forms of 
Bright’s disease, the first symptoms are ushered in by 
convulsions. They may be epileptic in character, and 
indeed well localised and unilateral (39). 

Had the disease in the present case depended on a 
chronic nephritis, no symptoms of which had presented 
themselves when the convulsions began, there would almost 
assuredly have been the development of symptoms during 
the long interval that elapsed between her second and 
last admission into hospital. Although the convulsions in 
uremia at times do resemble Jacksonian epilepsy, and 
although French writers discuss a toxic epilepsy depending 
on the action of the urinary elements on one motor area, 
as a rule the convulsious are less accurately defined, and do 
not pursue the course that has been described. 

The only place that we can give to uremia is in the 
latter stages of patient’s life, when an acute nephritis 
developed, these urinary elements acting on the already 
changed or susceptible motor area of the brain. 


AETIOLOGY AND PATHOLOGY. 


Had there been any macroscopical or even microscopical 
change in the left motor area of the cerebrum, it would 
have been an easy matter to discuss the etiology and 
pathology of this case. The accompanying photomicro- 
graphs and report by Dr. Dittmar on the histological 
appearances negative any such change. For this reason 
the case is all the more interesting, even though any 
theories or views that may be advanced are speculative. 

That the left motor area of the brain was irritated, and 
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at certain times excessively so, is a fact that must be 
accepted. 

The symptoms that presented themselves were in all 
respects in harmony with our knowledge of unilateral 
convulsions depending on an irritation starting at a definite 
point in the motor area, and spreading from that region to 
the parts around in definite order. The irritation started in 
the area for lateral deviation of the eyes and head, passed 
across to the centre for the face, interfering with the com- 
municating fibres that had to do with tactile sensibility and 
the speech-producing centre, then passed up the fissure of 
Rolando to the centre for the arm, and then for the leg. 

As there was no tumour, change in walls of arteries, 
cicatrisation, or evidence of ramollissement present, we 
must fall back on one of two theories as the cause of the 
convulsive seizures, the one vaso-motor, the other chemical. 
The first of these would account for the apoplectiform 
nature of certain of the fits, due probably to a contraction 
of some of the smaller arteries producing a congestion of 
the surrounding neuroglia ; this might cause effusion which 
disappeared again by absorption, and left no trace post 
mortem. 

The other theory, chemical in nature, has been already 
described in the remarks at the commencement of this 
paper on the general pathology of Jacksonian epilepsy. 
Either of these theories is possibly correct, and yet it is 
difficult to conceive why in both instances there should be 
vaso-motor and chemical disturbances in so localised an 
area. 

Granted then that from either of these causes, or 
possibly from some other, the left motor zone, or part of it, 
is changed in nervous structure, or rendered susceptible, 
it is easy to understand the remaining difficulties that 
presented themselves. The convulsions ceased after a time, 
and were set agoing by the next menstrual period. This 
then might be an exciting cause which acted reflexly on the 
previously changed or susceptible area. 

We might possibly have a reflex Jacksonian epilepsy 
in this instance. But after over a year’s cessation of the 
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and owing to the occurrence of an acute nephritis and 


the absorption of urinary elements into the blood, a toxic 
Jacksonian epilepsy occurred, depending on the action of 
these elements on the old standing susceptible left motor 
area of the brain. 
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A CASE OF NARCOLEPSY. 


BY JOHN MCGEE MACCORMAC, M.D. 


Honorary Physician to the Victoria Hospital for Diseases of the Nerrous 
System, Belfast. 


As classical cases of narcolepsy are rare, I think the 
following one is of interest, more especially since a definite 
‘“‘exciting cause’ seems to have existed. 


The patient, Mary M., aged 27, came to the Victoria Hospital 
for Diseases of the Nervous System, Belfast, on June 1, 1898, 
when the following history was obtained :— . 

Her parents and brothers and sisters are all healthy. She is 
a weaver by trade, and lived in the country until eleven years ago, 
and enjoyed good health up to about four years ago, when she had 
ten teeth extracted at one sitting without an anesthetic. Imme- 
diately after this operation she commenced to feel unusually 
sleepy in the evenings, and soon afterwards began to sleep at 
her work, the sleep generally lasting from three to ten minutes 
at a time, and sometimes longer unless awakened. This sleep 
would overcome her under the most varied circumstances, and 
she found herself quite unable to prevent it. Between the 
attacks of sleep, which came on without warning, she felt quite 
clear, but complained of being more easily tired than natural. 
For some months after the extraction of the teeth she suffered 
from lightness in the head, with peculiar sensations passing over 
it from front to back, but these symptoms afterwards entirely 
disappeared. 

On examination of the patient all the organs of the body were 
apparently healthy. She appeared mentally and physically 
lethargic, and walked slowly with a slight stoop. She had a 
heavy and rather sad expression, and her features were somewhat 
puffy. She slept from seven to eight hours per night. 

The following notes were afterwards taken :— 

March, 1899.—The patient has steadily improved, especially 
during the last six months, the sleeping attacks having decreased 
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from about twelve or more a day to one, and sometimes there is 
perfect freedom from them for one, two, or even three days. She 
looks brighter, and the expression is more natural. 

May.—The patient has not attended the hospital for some 
weeks, and the sleeping attacks have become much more frequent 
again. Since the last notes the patient has lost her father, and 
has had other worries. 

June.—Much improved again. 

Treatment.—The medicines which seemed to act best were 
phosphate of iron, sulphate of quinine, tincture of nux vomica, 
and nitro-glycerine. She has had galvanism applied three or four 
times a week, a current of one milliampere being allowed to flow 
through the head from before back for three minutes at a time. 
She was ordered nutritious and easily digestible dietary, moderate 
exercise, and as much fresh air as possible. 


I think we have here a typical case of narcolepsy, as 
evidenced by the persistency to fall asleep twelve or fourteen 
times daily, the ease with which the patient was awakened, 
and the complete consciousness during the intervals. 

No symptoms pointing to hysteria or epilepsy were 
present, and the attacks of sleep resembled in all respects 
‘natural sleep”; the face remaining unaltered in colour, the 
sleep lasting for several minutes and often longer, and the 
patient being quite easily awakened into complete con- 
sciousness. 











PROCEEDINGS OF THE NEUROLOGICAL 
SOCIETY OF LONDON. 


At the Clinical Meeting held on October 26, 1899, at 8.30 
p.m., in the Medical Society’s Rooms, 11, Chandos Street, the 
following cases were shown :— 

Dr. J. A. Courts and Dr. A. M. Gossace.— Unusual cases of 
paralysis of acute onset occurring in brother and sister. 

(1) A girl, aged 5, while at Margate was suddenly attacked 
with general loss of power. On examination there was paralysis 
of all limbs and of the trunk, with general anesthesia. No loss 
of power in face, tongue, diaphragm, muscles of deglutition, or 
in sphincters. Eye muscles also unaffected. Pain and tender- 
ness in the course of peripheral nerves. Subsequent gradual 
recovery, except in the muscles of one shoulder. 

(2) Her brother, aged 8, was attacked one week later after 
return to London. The general condition was exactly the same 
as that of his sister, except that there was no anesthesia, and 
that the paralysis was less complete and did not last so long. 
Recovery was almost complete with the exception of the muscles 
of one shoulder. 

Dr. James Taytor.—A case of myopathy of the Landouzy- 
Dejerine type. 

The patient was a woman, aged 20 years. There was no history 
of myopathy among her relatives; an uncle and a cousin were 
insane. Since early infancy it had been noticed that she has 
been unable to completely close the eyes and that the face had 
a peculiar appearance. She had always suffered with epiphora 
and never been able to whistle. Weakness in the shoulder 
muscles came on two years ago and gradually increased. 

P.S.—The appearance of the face was characteristic of the 
disease. Several of the facial muscles could not be demonstrated 
(platysma, risorius) and the others were very weak. There was 
some wasting of the tongue. The scapule were “winged.” There 
were complete paralysis and great wasting of the latissimus dorsi, 
serratus magnus and of the trapezius on either side. The triceps 
was very weak and wasted on both sides. The other muscles of the 
body and limbs were well developed and powerful. The action of 
the levator anguli scapule and pectoralis minor in keeping the 
scapula against the thorax in the act of pushing forwards with 
the arm in the horizontal position was well shown. 

Dr. WitrrEep Harris.—Case of myopathy of the Landouzy- 
Dejerine type. 

G. N., a stableman, aged 32, had noticed progressive weakness 








472 PROCEEDINGS OF THE SOCIETY 


for the last six years. Mother, said to be similarly affected, died 
aged 65. None other of numerous family affected. 

P.S.—Lordosis was marked, and the sternum much depressed. 
Rolling gait. Lips pouting, and paralysis of orbiculares oris et 
palpebrarum, and of zygomatici. Scapule elevated and winged, 
with paralysis and wasting of serrati magni, trapezius, latiss. 
dorsi, pectorals, right levator anguli scapule and right rhomboids, 
both biceps and triceps, supinator longus and extensors of fingers 
and wrists, with flexor contracture, and marked cyanosis of hands 
and forearms. There was weakness also of the abdominal muscles, 
glutei, hamstrings, and anterior tibial muscles. The electrical 
reactions were diminished, with sluggish contraction in wasted 
muscles to both currents, KCC > ACC. The left scapula hung 
higher than the right, owing to extra pull of lev. ang. scapule 
and rhomboid, while both scapule were much raised, and the 
superior angles everted by the pull of the anterior fibres of the 
deltoids and the supraspinati. 

Dr. C. E. BeEvor.—A case of cerebral degeneration (diplegia). 

The patient was a boy, aged 14 years, whose family history was 
unimportant, and whose health up till the age of tweive years was 
excellent. At that time he had a severe febrile illness, which 
was said to be rheumatic fever. He recovered completely. Three 
months later he had another similar attack, and after two days’ 
illness he became weak all over after having some sort of fit. 
After this his general health seemed to recover, but the limbs 
became gradually stiff and weak, and for three months his chin 
was turned to his right shoulder. He had some difficulty in 
swallowing at this time. During the last year the torticollis and 
stiffness in the arms had improved greatly, and he had developed 
intention tremor in the upper extremities. Mental state, intelli- 
gent. Speech slow. Deglutition slow. Nystagmus. Face rigid, 
and there is difficulty in the relaxation after effort. Slight rigidity 
and intention tremor of the upper extremities. Severe spastic 
paraplegia; trunk rigid. No sphincter trouble. Double foot 
clonus. Plantar reflexes showed an extensor response. 

Dr. JAmes Couurer for Dr. Toorn.—A case with acute onset 
resembling Friedreich’s disease. 

The patient was a girl, aged 9 years. The family history was 
unimportant. At the age of eight years she had a febrile attack, 
and on the third day developed a convergent strabismus and 
great weakness of all the limbs, and she was unable to speak for 
a fortnight. She gradually recovered and regained her general 
health, but with returning power the limbs became extremely 
ataxic. They have improved slightly. 

P.S.—There was marked mental dulness, convergent strabis- 
mus, extreme ataxy of all four limbs, lateral curvature of spine, 
very ataxic gait, deep reflexes absent. Plantar reflexes showed 
the flexor response. There was double pes cavus. Speech was 
slow, and the voice low pitched and monotonous. 





